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(54) Information recording method and apparatus 

(57) An information recording method of and an 
information recording apparatus for carrying out a 
recording of information by irradiating an energy beam 
to an information recording medium (1) by modulating 
power of the energy beam at least at a high power level 
and at an intermediate power level lower than the high 
power level, wherein a recording is carried out in a 
recording waveform having a downward directed pulse 
toward a power level (P1 1) lower than the intermediate 
power level (Pm1) after continuous high-power pulse 
trains of the power level (Ph1) so that the width of the 
downward directed pulse is changed according to a rel- 
ative speed of the energy beam and the information 
recording medium (1). 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an information 
recording method of recording information on an infor- 
mation recording medium to which information can be 
recorded by irradiating energy beams, and relates more 
particularly to an information recording method of exhib- 
iting an excellent effect to a phase-change optical disk 
or an optical magnetic disk and an information recording 
apparatus using this information recording method. 

According to a conventional method of recording 
and erasing information on a rewritable recording film, 
power of one energy beam is changed between at least 
two levels higher than a read-out power level, that is, at 
least between a high power level and an intermediate 
power level, for example, in the cases of the Japanese 
Patent application laid-open No. JP-A-62-175948, laid 
open on August 1 1987, in which an optical magnetic 
disk is used by using an exchange-coupled two-layer 
film as a recording film, and the Japanese Patent appli- 
cation laid-open No. JP-A-62-259229, laid open on 
November 11, 1987, in which a high-speed record eras- 
able recording film for a phase-change type optical disk 
that can be crystallized in almost the same time as in a 
laser irradiation time for recording. This method has an 
advantage that it is possible to record new information 
while erasing existing information, a so-called overwrit- 
ing. 

Further, as disclosed in the Japanese Patent appli- 
cation laid-open No. JP-A-62-259229 and the Japanese 
Patent application laid-open No. J P-A-3- 185629, laid 
open on August 13, 1 991 , it is possible to restrict such a 
phenomenon that a recording mark becomes a tear-drip 
type (that is, the back side of a recording mark becomes 
broader than the front side), by changing an energy 
beam between three levels of a high power level, an 
intermediate power level and a power level lower than 
the intermediate power level. 

At present, the development of a digital video disk is 
at its final stage, and the development of a rewritable 
digital video disk (DVD- RAM) is also in progress. 
According to an optical disk apparatus for carrying out a 
mark edge recording on a phase-change recording film 
such as a DVD-RAM, an ultimate temperature and a 
cooling speed at the time of recording must be set at 
almost the same levels at any point of an outer edge 
section of an area of a recording film which was fused to 
form a recording mark on the recording film, in order to 
prevent an occurrence of distortion of a mark shape and 
a remaining of a mark without being erased. However, 
according to various kinds of recording waveforms 
which are known up to now, the above-described condi- 
tions can not be met satisfactorily and there is a limit to 
an achievable recording density. 

On the other hand, along with the increase in the 
digital signal processing speed in recent years, there 
has been a growing demand for increasing the speed of 



recording and reproducing of an information recording 
apparatus. In order to meet this demand, it is important 
to increase the relative speed of the energy beam and 
the information recording medium. 

s When the relative speed of the energy beam and 
the information recording medium is improved, more 
information can be recorded and reproduced within a 
unit time. Therefore, this can improve the data transfer 
rate of an information recording and reproducing appa- 

10 ratus. Usually, the speed of recording on an information . 
recording medium increases along with the progress of 
the generation of a product. Accordingly, by taking the 
compatibility between the generations into considera- 
tion, it is desirable to be able to carry out high-speed 

is recording and reproducing of information by using one 
information recording and reproducing apparatus for 
both an information recording medium corresponding to 
a high-speed recording (a gradual cooling mechanism) 
and an information recording medium corresponding to 

20 a low-speed recording (a rapid cooling mechanism). 

Further, particularly in order to achieve a high- 
speed recording and reproducing of information on 
recording tracks across the tracks of a large difference 
in diameters from the center of a disk-shaped informa- 

25 tion recording medium, it is important to rotate the infor- 
mation recording medium by keeping a constant 
angular velocity of the information recording medium. 
Since the time required for keeping constant the relative 
speed of an energy beam and an information recording 

30 medium (the time required for changing the angular 
velocity) can be saved, it is possible to shorten the 
access time of the recording and reproducing appara- 
tus. 

Further, as described previously, there is also a 

35 large demand for a large-capacity recording of informa- 
tion such as a digital -signal processed image. Accord- 
ingly, it is necessary to invent at an early stage an 
information recording method for enabling a high-speed 
and high<iensity recording. 

40 In order to realize an information recording and 
reproducing apparatus which satisfies the above- 
described conditions, an information recording method 
is required which ensures a stable recording in each of 
the cases where the relative speed of an energy beam 

45 and an information recording medium is large, where 
the relative speed of an energy beam and an informa- 
tion recording medium has changed for the information 
recording mediums having various cooling speeds, and 
where an extremely high recording density has been 

50 set, respectively. 

SUMMARY OF THE INVENTION 

Although the above-described prior-art technique is 
55 a very excellent idea, it has been made clear that it can 
not be said that sufficient consideration is not given to 
the case where there is a large difference of cooling 
speed between the mediums and when the relative 
speed of an energy beam and an information recording 
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medium is large, the case where there is a difference in 
the cooling speed along with the change in the relative 
speed, and the case where such a high-density record- 
ing that the distance between recording marks is not 
larger than half of an energy beam spot is carried out. 5 

For example, when a recording is carried out by 
irradiating an energy beam of high power level to an 
information recording medium having a low cooling 
speed, because of the heat accumulated in the record- 
ing film and the protection film on both sides of the 10 
recording film, the temperature of a position where an 
irradiation is carried out later becomes higher. Thus, the 
rear side of the recording mark extends to a direction 
perpendicular to a recording track (tear-drip type), and a 
distortion occurs in a reproduced signal. According to is 
the above-described prior-art technique, in order to pre- 
vent the recording mark from being distorted in a tear- 
drip shape, the energy density of the forward section of 
a series of high-power pulse trains is made high, or the 
power level between the high-power pulses is made 20 
lower than the intermediate power level. 

Accordingly, when the relative speed of an energy 
beam and an information recording medium has 
increased or when a recording has been carried out on 
an information recording medium of which cooling 25 
speed is relatively high, there is a tendency that the 
front portion of the recording mark becomes larger than 
the rear portion (an inverted tear-drip type). When a sig- 
nal from this portion is reproduced, a reproduced signal 
which correctly corresponds to a recording signal can 30 
not be obtained because there is a distortion in the 
reproduced signal. 

Further, when such a high-density recording is car- 
ried out as that the distance between recording marks is 
not larger than half of an energy beam spot, the dis- 35 
tance between the recording marks becomes smaller 
and, therefore, a distortion occurs in the recording 
marks by being affected by a heat (thermal interference) 
which is generated at the time of recording the record- 
ing marks before or after the corresponding recording 40 
mark. In order to restrict this thermal interference, the 
prior-art technique has taken a measure to lower the 
power level of the energy beam (laser power level) than 
the erasing power level after the recording pulse. How- 
ever, a technique for f urther restricting the thermal inter- 45 
ference becomes necessary for a high-speed recording 
or a high-density recording, particularly when the length 
of the shortest mark and the length of the shortest 
space are not larger than 1 jim or when the relative 
speed of the laser beam and the recording medium is so 
not lower than 9 m/s. 

Accordingly, it is an object of the present invention 
to provide an information recording method and an 
information recording apparatus which enable an accu- 
rate recording in the cases where a recording density is 55 
high for information recording mediums having various 
cooling speeds, where the relative speed of the energy 
beam and the information recording medium is large, 
and where the relative speed has changed, respec- 



tively. 

Further, a technique for narrowing a track pitch has 
been developed in order to achieve a high-density 
recording. For example, there is a method for recording 
information both within a groove and on a land (an area 
between grooves) provided on the information recording 
medium. According to this method, cross-talking of a 
reproduced signal from the land to the groove or from 
the groove to the land can be cancelled by setting a 
depth of grooves (an optical phase difference between 
the land the groove) at a suitable value. 

However, since a heat generated by an energy 
beam is utilized for recording information, there occurs a 
thermal interference to an adjacent track (a groove adja- 
cent to a land or a land adjacent to a groove) when the 
control of the position of the energy beam has become 
unstable (for example, particularly when a track offset 
has occurred). Therefore, information recorded on the 
adjacent track is erased. 

Accordingly, it is another object of the present 
invention to provide an information recording method 
and an information recording apparatus which enable 
an accurate recording of information without erasing 
information on adjacent tracks even in the case where 
information is recorded on an information recording 
medium of a narrow track pitch which is not larger than 
an energy beam for recording, particularly on an infor- 
mation recording medium corresponding to a land- 
groove recording. 

Further, the improvement of recording sensitivity is 
also a big task to be achieved. Usually, when the relative 
speed of an information recording medium and an 
energy beam is increased, the passage time of the 
energy at a recording point on the information recording 
medium is shortened, so that the quantity of energy to 
be irradiated on to the information recording medium 
within a unit time is lowered and thus the recording point 
is not heated sufficiently (that is the recording sensitivity 
is lowered). Further, when a recording is carried out on 
the information recording medium which can easily 
store heat, the recording point is kept at a high temper- 
ature for a long time so that the recording point is dete- 
riorated by the heat. Accordingly, in order to improve the 
reliability of the information recording medium, a heat 
radiation layer of high thermal conductivity such as a 
metal is provided in the information recording medium 
so that the heat at the heated portion is diffused quickly. 
In this case, the recording sensitivity is lowered 
because energy is irradiated while also diffusing the 
heat at the time of recording as well. 

Accordingly, it is another object of the present 
invention to provide an information recording method 
and an information recording apparatus which enable 
an accurate recording of information without lowering 
the recording sensitivity even when the relative speed of 
the information recording medium and the energy beam 
for recording is increased or when a recording is carried 
out on the information recording medium having the 
structure which is easily cooled rapidly. 
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According to one aspect of the present invention, 
there is provided (1) an information recording method 
for carrying out a recording of information by irradiating 
an energy beam to an information recording medium by 
modulating power of the energy beam at least at a high 
power level and at an intermediate power level lower 
than the high power level, wherein a recording is carried 
out in a recording waveform having a downward 
directed pulse toward a power level lower than the inter- 
mediate power level after continuous high-power pulse 
trains so that the width of the downward directed pulse 
is changed according to a relative speed of an energy 
beam and the information recording medium. 

When the above-described information recording 
method is used, the cooling speed at the rear portion of 
the recording mark can be controlled by changing the 
width of the downward directed pulse, with the following 
effect. 

Usually, when the relative speed of the energy 
beam and the information recording medium is low, a 
recording mark tends to be formed in a tear-drip shape. 
In this case, the width of the rear portion of the record- 
ing mark can be made smaller by making low the cool- 
ing speed at the rear portion of the recording mark. 
Further, when the relative speed of the energy beam 
and the information recording medium is high, a record- 
ing mark tends to be formed in an inverse tear-drip 
shape In this case, the width of the rear portion of the 
recording mark can be made larger by making high the 
cooling speed at the rear portion of the recording mark. 

According to another aspect of the present inven- 
tion, there is provided (2) an information recording 
method for carrying out a recording of information by 
irradiating an energy beam to an information recording 
medium by modulating power of the energy beam at 
least at a high power level and at an intermediate power 
level lower than the high power level and for carrying out 
a test writing to the information recording medium prior 
to a recording of information, wherein at the time of the 
test writing, a recording is carried out in a recording 
waveform having a downward directed pulse toward a 
power level lower than the intermediate power level after 
continuous high-power pulse trains so that the width of 
the downward directed pulse is changed accordingly. 

According to the above-described information 
recording method, when information is to be recorded 
on an information recording medium of a gradual cool- 
ing structure in which a recording mark tends to be in a 
tear-drip shape, the width of the rear portion of the 
recording mark can be made smaller by making lower 
the cooling speed at the rear portion of the recording 
mark. When information is to be recorded on an infor- 
mation recording medium of a rapid cooling structure in 
which a recording mark tends to be in an inverse tear- 
drip shape, the width of the rear portion of the recording 
mark can be made larger by making higher the cooling 
speed at the rear portion of the recording mark. 

In the above-described information recording 
method, there is particularly a large effect to the infor- 



mation recording medium in which information is 
recorded by utilizing a change of phase between crystal 
and amorphous (the so-called phase-change recording 
medium). 

5 Further, since the thermal interference at the time 

of recording the recording marks before and after the 
corresponding recording mark can be restricted sub- 
stantially by changing the with of the downward directed 
pulse, the distance between the recording marks can be 

10 made smaller. Accordingly, it becomes possible to 
achieve a high-density recording. This effect is large not 
only for the phase-change recording medium but also 
for the information recording medium for carrying out a 
recording of information by utilizing a heat generated by 

is an irradiation of an energy beam in general, such as an 
optical magnetic disk. 

The effect of the present invention is obtained when 
the downward directed pulse as described in (1) and (2) 
above is applied to between the end tail pulse of contin- 
ue uous high-power pulses and the header pulse of the 
next continuous high-power pulse trains, and particu- 
larly a large effect can be obtained when the downward 
directed pulse is applied immediately after the end tail 
pulse of the continuous high-power pulse trains. 

25 In the present specification, the continuous high- 
power pulse trains refer to high-power pulse trains dis- 
posed with almost an equal distance therebetween, 
usually shorter than a distance between channel clocks, 
which are required for forming one recording mark. 

30 Accordingly, when one recording mark is recorded with 
only a single high-power pulse, this is also called a con- 
tinuous high power train. 

Further, when the product of an irradiation time of 
the above-described downward directed pulse and the 

35 relative speed of an energy beam and an information 
recording medium is not larger than one third of the spot 
diameter of the energy beam (that is a distance of an 
area not smaller than an exp. (- 2) of the central intensity 
of the energy beam in the direction of a recording track), 

40 the distortion of a reproduced signal becomes particu- 
larly small, which is most suitable for a high-density 
recording. When the product of an irradiation time of the 
above-described downward directed pulse and the rela- 
tive speed of an energy beam and an information 

45 recording medium is not smaller than one third of the 
spot diameter of the energy beam, the erasing by the 
intermediate power level (crystallization, in the case of a 
phase-change recording film) is not carried out satisfac- 
torily, so that the quality of the signal is deteriorated. 

so According to another aspect of the present inven- 
tion, there is provided (3) an information recording 
method for carrying out a recording of information by 
forming recording marks of a plurality of lengths by irra- 
diating an energy beam to an information recording 

55 medium by modulating power of the energy beam at 
least at a high power level and at an intermediate power 
level lower than the high power level, wherein at least a 
shortest mark is recorded by using continuous high 
power trains and a power level of a header pulse is 
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higher than a power level of a last high-power pulse. 
This method is suitable for a high-density recording 
because the width of the front portion of a recording 
mark and the width of the rear portion of the recording 
mark can be controlled independently. When a shortest 
mark is recorded by using one high-power pulse, this 
means that the header pulse and the end tail pulse coin- 
cide with each other. Therefore, when there is also only 
one kind of height for a high-power pulse, it becomes 
impossible to independently control the width of the 
front portion of the recording mark and the rear portion 
of the recording mark, so that a special consideration 
needs to be taken to match the cooling speed of an 
information recording medium with the recording wave- 
form in order to achieve a high-density recording. Fur- 
ther, when the power level of the header pulse is lower 
than the power level of the end tail high-power pulse, the 
quantity of energy to be irradiated to the front portion of 
the recording mark becomes in shortage and the 
recording mark becomes a tear-drip shape, which is not 
desirable. 

According to another aspect of the present inven- 
tion, there is provided (4) an information recording 
method for recording information by forming marks hav- 
ing a plurality of lengths by irradiating beams having 
energy on an information recording medium, wherein at 
the time of recording one of the marks, the energy 
beams are irradiated as pulse trains, and a falling level 
of the pulse trains nearest to a header of the mark is set 
at level higher than a falling level of a pulse train which 
follows next, or an information recording method for car- 
rying out a recording of information by forming recording 
marks of a plurality of lengths by irradiating an energy 
beam to an information recording medium by modulat- 
ing power of the energy beam at least at a high power 
level and at an intermediate power level lower than the 
high power level, wherein at least a shortest mark is 
recorded by using continuous high power trains and a 
power level immediately after a header pulse is not 
lower than a power level immediately after a high-power 
pulse other than the header pulse. This information 
recording method is suitable for a high-density record- 
ing because the width of the front portion of a recording 
mark and the width of the rear portion of the recording 
mark can be controlled independently. When the power 
level immediately after the header pulse is lower than 
the power level immediately after the high-power pulse 
other than the header pulse, the quantity of energy to be 
irradiated to the front portion of the recording mark 
becomes in shortage and the recording mark becomes 
a tear-drip shape, which is not desirable. 

It is further suitable for a high-density recording to 
use an information recording method having both char- 
acteristics described in (3) and (4) above, that is, the 
information recording method in which at least a short- 
est mark is recorded by using a plurality of high-power 
pulses, the power level of a header pulse is higher than 
the power level of the last high-power pulse and the 
power level immediately after the header pulse is not 



lower than the power level immediately after the high- 
power pulse other than the header pulse. 

The recording waveform described in (3) and (4) 
above is effective for the control of the mark shape of 
s the header portion of the recording mark, and particu- 
larly a large effect can be obtained when this recording 
mark is used together with the information recording 
method as described in (1) and (2) above which are 
effective for controlling the mark shape of the rear por- 
10 tion of the recording mark. 

According to another aspect of the present inven- 
tion, there is provided (5) an information recording 
apparatus for carrying out a recording of information by 
irradiating an energy beam to an information recording 
15 medium by modulating power of the energy beam at 
least at a high power level and at an intermediate power 
level lower than the high power level, wherein the infor- 
mation recording apparatus has a recording waveform 
generator for generating a recording waveform having a 
20 downward directed pulse toward a power level lower 
than the intermediate power level after continuous high- 
power pulse trains so that the width of the downward 
directed pulse is changed according to a relative speed 
of an energy beam and the information recording 
25 medium. 

According to another aspect of the present inven- 
tion, there is provided (6) an information recording 
apparatus for carrying out a recording of information by 
irradiating an energy beam to an information recording 
30 medium by modulating power of the energy beam at 
least at a high power level and at an intermediate power 
level lower than the high power level and for carrying out 
a test writing to the information recording medium prior 
to a recording of information, wherein the information 
35 recording apparatus has a recording waveform genera- 
tor for generating, at the time of the test writing, a 
recording waveform having a downward directed pulse 
toward a power level lower than the intermediate power 
level after continuous high-power pulse trains so that 
40 the width of the downward directed pulse is changed 
accordingly. When this information recording apparatus 
is used, it becomes possible to realize the information 
recording methods shown in (1) and (2) above, and 
therefore, a high-density recording can be achieved 
45 even when the relative speed of the energy beam and 
the information recording medium has changed. 

According to another aspect of the present inven- 
tion, there is provided (7) an information recording 
apparatus for carrying out a recording of information by 
so forming recording marks of a plurality of lengths by irra- 
diating an energy beam to an information recording 
medium by modulating power of the energy beam at 
least at a high power level and at an intermediate power 
level lower than the high power level, wherein the infor- 
55 mation recording apparatus has a recording waveform 
generator for generating continuous high power trains at 
least at the time of recording a shortest mark and for 
making a power level of a header pulse higher than a 
power level of a last pulse. 
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According to another aspect of the present inven- 
tion, there is provided (8) an information recording 
apparatus for carrying out a recording of information by 
forming recording marks of a plurality of lengths by irra- 
diating an energy beam to an information recording 
medium by modulating power of the energy beam at 
least at a high power level and at an intermediate power 
level lower than the high power level, wherein the infor- 
mation recording apparatus has a recording waveform 
generator for generating continuous high power trains at 
least at the time of recording a shortest mark and for 
making a power level immediately after a header pulse 
not lower than a power level immediately after a high- 
power pulse other than the header pulse. When this 
information recording apparatus is used, it becomes 
possible to realize the information recording methods 
shown in (3) and (4) above, and therefore, a high-den- 
sity recording can be achieved for information recording 
mediums having various cooling speeds. 

It is further suitable for a high-density recording to 
use an information recording apparatus having a 
recording waveform generator which uses the informa- 
tion recording methods described in both (3) and (4) 
above, that is, the information recording apparatus hav- 
ing a recording waveform generator which generates a 
plurality of high-power pulses at the time of recording at 
least a shortest mark and in which the power ievei of a 
header pulse is higher than the power level of the last 
high-power pulse and the power level immediately after 
the header pulse is not lower than the power level imme- 
diately after the high-power pulse other than the header 
pulse. 

As described above, there is particularly a large 
control effect of the recording mark shape by using both 
the information recording methods (1) and (2) described 
above and the information recording methods (3) and 
(4) described above, and, even if the relative speed of 
an energy beam and an information recording medium 
has changed, a high-density recording can be achieved 
for information recording mediums having various cool- 
ing speeds by using both the recording waveform gen- 
erators shown in (5) and (6) above and the recording 
waveform generators shown in (7) and (8) above and by 
using the information recording apparatus which can 
generate recording waveforms. 

Further, the effect of the present invention can be 
obtained when the above-described power level of the 
downward directed pulse to be added after the continu- 
ous high-power pulses is lower than the intermediate 
power level at which the recording mark can be erased. 
Particularly, when the above-described power level of 
the down directed pulse is not higher than the reproduc- 
tion power level for reproducing information which is 
lower than the intermediate power level, not only the 
recording waveform of the present invention can be 
formed easily but also there is a larger effect of control- 
ling the cooling speed on the medium. Therefore, there 
is also a larger effect of achieving a high-density record- 
ing on the information recording mediums having vari- 



ous cooling speeds even if the relative speed of the 
energy beam and the information recording medium 
has changed. 

Further, when an information recording medium is 

5 used according to which an amorphous recording mark 
is recorded in a crystal and crystal particles larger than 
the crystal particles of this crystal exists in the periphery 
of the recording mark, the width of a re-crystallization 
area can be easily controlled at an ultimate temperature 

10 and at a cooling speed. Accordingly, the recording mark 
does not easily become a tear-drip shape or an inverse 
tear-drip shape, so that variations in the size of the 
recording mark can be restricted to the minimum. 
Therefore, a reproduction signal faithful to the recording 

is waveform can be obtained. However, the present inven- 
tion can also be applied to recording mediums of other 
characteristics such as a recording medium whole of 
which is occupied by large crystalline grains. 

According to another aspect of the present inven- 

20 tion, there is provided (9) an information recording 
method for carrying out a recording of information by 
irradiating an energy beam to an information recording 
medium by modulating power of the energy beam at 
least at a high power level and at an intermediate power 

25 level lower than the high power level, wherein a record- 
ing is carried out in a recording waveform having a 
downward directed pulse toward a power level lower 
than the intermediate power level, between high-power 
pulses of continuous high-power pulse trains and imme- 

30 diately after the continuous high-power pulse trains, and 
the width of the downward directed pulse after the con- 
tinuous high-power pulse trains is set at not smaller 
than 0.8 times and not larger than 2.2 times a clock for 
generating recording waveforms. When this information 

35 recording method is used, it becomes possible to 
achieve a high-density recording even if the width of the 
downward directed pulse after the continuous high- 
power pulse trains is made variable for information 
recording mediums having various cooling speeds. 

40 According to another aspect of the present inven- 
tion, there is provided (10) an information recording 
apparatus for carrying out a recording of information by 
irradiating an energy beam to an information recording 
medium by modulating power of the energy beam at 

45 least at a high power level and at an intermediate power 
level lower than the high power level, wherein the infor- 
mation recording apparatus has a recording waveform 
generator for carrying out a recording in a recording 
waveform having a downward directed pulse toward a 

so power level lower than the intermediate power level, 
between high-power pulses of continuous high-power 
pulse trains and immediately after the continuous high- 
power pulse trains, and for setting the width of the 
downward directed pulse after the continuous high- 

55 power pulse trains at not smaller than 0.8 times and not 
larger than 2.2 times a clock for generating recording 
waveforms. When this information recording apparatus 
is used, it becomes possible to achieve the information 
recording method in (9) described above. 
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Further, according to another aspect of the present 
invention, there is provided (11) an information record- 
ing method described in (9) above and characterized in 
having the width of the downward directed pulse after 
the continuous high power trains set at an integer times 5 
of one half of the channel clock. When this information 
recording method is used, it becomes possible to make 
minimum the circuit scale of the recording waveform 
generator, which is desirable. The effect of the aspect of 
the present invention can be obtained even if the width 10 
of the downward directed pulse after the continuous 
high power trains is set at an integer times of the chan- 
nel clock When a desirability of generating a high- 
power pulse of not larger than the width of the channel 
clock is taken into consideration, the pulses divided into is 
a width not larger than the width of the channel clock 
become necessary. However, this does not contribute to 
a smaller circuit scale of the recording waveform gener- 
ator. On the other hand, when the number of splits of the 
channel clock is made larger such as when the width of 20 
the downward directed pulse after the continuous high- 
power pulse trains is set at an integer times of one third 
of the channel clock or an integer times of a quarter of 
the channel clock, this is desirable in that the width of 
the downward directed pulse after the continuous high- 2 s 
power pulse trains can be optimized with higher accu- 
racy. However, this results in a larger circuit scale. 

According to another aspect of the present inven- 
tion, there is provided (12) an information recording 
apparatus as described in (10) above which has a 30 
recording waveform generator for setting the width of 
the downward directed pulse after the continuous high 
power trains at an integer times of one half of the chan- 
nel clock. When this information recording apparatus is 
used, it becomes possible to achieve the information 35 
recording method of (1 1) described above. 

Further, (13) an information recording method as 
described in (4) according to which the power level 
immediately after the header pulse is not smaller than 
70 % and not larger than 140 % of the intermediate 40 
power level. This information recording method is suita- 
ble for high-density recording because the width of the 
front part of the recording mark and the width of the rear 
part of the recording mark can be controlled independ- 
ently. Further, it is also possible to achieve a satisfactory 4s 
recording when the power level immediately after the 
header pulse is not larger than 70 % or not smaller than 
140 % of the intermediate power level. However, partic- 
ularly a large effect can be obtained in the improvement 
in the quality of the signal when preferably the power so 
level immediately after the header pulse is not smaller 
than 100 % and not larger than 120 % of the intermedi- 
ate power level. 

Further, according to another aspect of the present 
invention, there is provided (14) an information record- ss 
ing apparatus as described in (8) above and having a 
recording waveform generator according to which the 
power level immediately after the header pulse is not 
smaller than 70 % and not larger than 140 % of the 



intermediate power level. When this information record- 
ing apparatus is used, it is possible to achieve the infor- 
mation recording method of (13) described above. 

According to another aspect of the present inven- 
tion, there is provided (15) an information recording 
method as described in (1) to (4), (9), (11) and (13) 
above, wherein information is recorded both on a land 
and within a groove on the information recording 
medium. This information recording method enables an 
accurate recording of information without erasing infor- 
mation on adjacent tracks even in the case where infor- 
mation is recorded on an information recording medium 
of a narrow track pitch which is not larger than an 
energy beam for recording, particularly an information 
recording medium corresponding to land and groove 
recording. Further, the cooling speed of the recording 
film on a land is usually different from the cooling speed 
of the recording film on a groove. Therefore, the width of 
the above<lescribed downward directed pulse of the 
continuous high-power pulse may be different between 
the case where information is recorded on the land and 
the case where information is recorded on the groove. 

According to another aspect of the present inven- 
tion, there is provided (16) an information recording 
apparatus as described in (5) to (8), (10), (12) and (14) 
above wherein the information recording apparatus has 
a tracking servo for recording information both on a land 
and within a groove on the information recording 
medium. By using this information recording apparatus, 
the information recording method of (15) described 
above can be realized. 

Further, in the case of recording a shortest mark by 
using a plurality of high-power pulses, particularly a 
lower jitter value can be obtained when the energy of 
the energy beam applied to both the header high-power 
pulse and the end tail high-power pulse is larger than 
the energy applied to other than the header and end tail 
high-power pulses. This effect is obtained remarkably in 
the case of a high-speed recording such as the disk lin- 
ear velocity of 9 m/s, or in the case of a high-density 
recording such as when the length of the shortest mark 
is not larger than two thirds of the diameter of the laser 
beam. 

As described above in detail, the basic technical 
idea of the present invention is to control with high pre- 
cision the cooling speed of the recording film after the 
irradiation of the energy beam. Accordingly, the informa- 
tion recording methods and the information recording 
apparatuses shown in (1) to (16) above have particu- 
larly a large effect for an information recording medium 
in which information is recorded by utilizing a change of 
phase between crystal and amorphous (the so-called 
phase-change recording medium). In other words, the 
shape of the recording mark recorded on the phase- 
change recording medium is extremely sensitively 
determined by the cooling speed of the recording film 
after the irradiation of the energy beam. 

The above-described width of pulse, such as the 
width of the high-power pulse or the width of the down- 



7 



<WW*1 AO I 



EP 0 802 531 A2 



14 



13 

ward directed pulse after the continuous high-power 
pulse trains, shows a time between a minimum value 
and a maximum value of differential values of time 
change of the energy of the energy beam irradiated on 
to the information recording medium. More precisely, 5 
this shows a time between a minimum value and a max- 
imum value of a time differential signal of a higher-order 
electrical signal (such as a digitalized electrical signal 
for generating a recording waveform). When the time 
between the minimum value and the maximum value is to 
quantized, the quantized width is called the above- 
described pulse width. Further, even when there is a 
fine fluctuation in the time between the minimum value 
and the maximum value of the time change of the 
energy of the energy beam irradiated on to the informa- 75 
tion recording medium, the above-described effect is 
not lost if the fine fluctuation is determined to have been 
quantized. 

It is needless to mention that the time as described 
in the present invention is not an absolute time but a 20 
time relative to the highest-order clock (channel clock: a 
clock corresponding to the basic clock of the electric 
signal immediately after passing a modulator such as 
an EFM modulator or an eight-sixteen modulator). 
Accordingly, when the channel clock has changed 25 
according to the relative speed of the energy beam and 
the . information recording medium, the width of the 
pulse should be defined by taking the relative relation 
with the changed channel clock into consideration. 

The above-described power level refers to an aver- 30 
age energy level within each pulse (within the above- 
described time between the minimum value and the 
maximum value). When the power level corresponds to 
a voltage level of a higher-order electric signal (a digital- 
ized electric signal for generating a recording wave- 35 
form), the average energy level which is obtained by 
taking the relative relation into consideration is more 
accurate. 

The changing of the width of the high-power pulse 
according to the relative speed of the energy beam and 40 
the information recording medium is desirable since this 
enables to control at a suitable value the cooling speed 
of the recording film of the information recording 
medium (such as, for example, the width of the high- 
power pulse is made smaller at a low linear velocity). 45 
However, this changing also has a problem that the cir- 
cuit scale of the recording waveform generator 
becomes larger. On the other hand, when the width of 
the high-power pulse is not changed even when the rel- 
ative speed of the energy beam and the information so 
recording medium has changed, there is an advantage 
that the circuit scale of the recording waveform genera- 
tor is kept small. In this case, the width of the downward 
directed pulse after the continuous high-power pulse 
trains is changed. 55 

Further, in order to improve the recording sensitivity 
which is one of the objects of the present invention, a 
recording is carried out by using at least a recording 
waveform having an excess energy distributed to the 



header portion and the end tail portion of the series of 
continuous high-power pulse trains for recording a long- 
est mark. More specifically, according to another aspect 
of the present invention, the following information 
recording method is used: (17) an information recording 
method for carrying out a recording of information by 
forming recording marks of a plurality of lengths by irra- 
diating an energy beam to an information recording 
medium by modulating power of the energy beam at 
least at a high power level and at an intermediate power 
level lower than the high power level, wherein at least a 
longest mark is recorded by using continuous high 
power trains and, among a series of continuous high- 
power pulse trains, a power level immediately after a 
header high-power pulse and a power level immediately 
before an end tail high-power pulse are higher than 
power levels between the rest of high-power pulses. 

Further, according to another aspect of the present 
invention, one of the following information recording 
methods may be used: (18) an information recording 
method as described in (17) above, wherein, among the 
series of continuous high-power pulse trains, a power 
level immediately after a header high-power pulse and a 
power level immediately before an end tail high-power 
pulse are higher than power levels between high-power 
pulses other than the header and end tail high-power 
pulses and are not higher than 200 % of the intermedi- 
ate power level; and (19) an information recording 
method as described in (18) described above, wherein, 
a shortest mark is recorded by two power pulses, a sec- 
ond shortest mark is recorded by three high-power 
pulses, a third shortest mark is recorded by four high- 
power pulses, and a power level between first and sec- 
ond high-power pulses at the time of recording a short- 
est mark, a power level between first and second high- 
power pulses at the time of recording a second shortest 
mark, a power level between first and second high- 
power pulses at the time of recording a third shortest 
mark and a power level between third and fourth high- 
power pulses are not lower than 50 % and not higher 
than 170 % of the intermediate power level. Further, 
(20) an information recording method as described in 
(1 9) above, wherein, a power level between second and 
third high-power pulses at the time of recording a sec- 
ond shortest mark and a power level between second 
and third high-power pulses at the time of recording a 
third shortest mark are not higher than 50 % of the inter- 
mediate power level. 

As explained above, particularly a large effect of the 
improvement in the quality of the signal is obtained 
when, among the series of continuous high-power pulse 
trains, the power level immediately after the header 
high-power pulse and the power level immediately 
before the end tail high-power pulse are set at a level 
higher than the power level between high-power pulses 
other than the header and end tail high-power pulses 
and not higher than 200 % of the intermediate power 
level, and preferably, at a level not lower than 50 % and 
not higher than 170 % of the intermediate power level. 
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Further, among the series of continuous high- 
power pulse trains, when the power level immediately 
after the header high-power pulse and the power level 
immediately before the end tail high-power pulse may 
be different values, and even if they are of the same val- 5 
ues, the effect of the present invention is not lost. 
Accordingly, at least the power level immediately after 
the header high-power pulse and the power level imme- 
diately before the end tail high-power pulse (for exam- 
ple, a logical value within the recording waveform 10 
generating circuit) may be set equal. In this case, since 
the recording waveform generating circuit can be simpli- 
fied, this circuit simplification is advantageous for 
designing the circuit. Particularly, among the series of 
continuous high-power pulse trains, when the power 15 
level immediately after the header high-power pulse and 
the power level immediately before the end tail high- 
power pulse are set at the same level as the intermedi- 
ate power level between the series of continuous high- 
power pulse trains, the recording waveform generating 20 
circuit can be simplified most. When a downward 
directed pulse (cooling pulse) of which power is lower 
than the intermediate power level is provided after the 
series of continuous high-power pulse trains, the power 
level of the cooling pulse and the power level between 2 s 
the high-power pulses other than the header and end 
tail high-power pulses are set equal. This is desirable 
, because the circuit scale of the recording waveform 
generating circuit can be made more simplified. In this 
case, there are three kinds of set values of power level, 30 
that is, the power level of the high-power pulses, the 
intermediate power level between the series of continu- 
ous high-power pulse trains, and the power level lower 
than the intermediate power level. In this case, the 
recording waveform generating circuit can be made 35 
extremely simple. 

When a mark of a certain height is to be recorded 
by three high-power pulses, for example, when the 
power level immediately after the header high-power 
pulse and the power level immediately before the end 40 
tail high-power pulse are set at the same level as the 
intermediate power level, all the power levels between 
the three high-power pulses become the intermediate 
power level, in this case, the heat generated by the first 
or second high-power pulse becomes an excess heat 45 
flow and this flows to the rear end portion of the mark so 
that the width of the rear end portion of the mark is 
made larger than is necessary. In this case, it is better to 
arrange such that only one of the power level immedi- 
ately after the header (first) high-power pulse and the so 
power level immediately before the end tail (third) high- 
• power pulse, is exceptionally set at a power level lower 
than the intermediate power level. Particularly, it is more 
desirable to set the power level immediately before the 
end tail (third) high-power pulse at a lever lower than the 55 
intermediate power level, because this arrangement 
enables the attenuation of the excess heat flow gener- 
ated by the first or second high-power pulse. 

Although the case of recording a mark of a certain 



length by using three high-power pulses has been 
described in the above explanation, the present inven- 
tion can also be applied to the case of recording a mark 
by using two or four high-power pulses. In other words, 
in the case of recording a mark of a certain length by 
using two high-power pulses, the power level immedi- 
ately after the header pulse and the power level imme- 
diately before the end tail pulse are set at the same 
level, and so long as this power level is concerned when 
this level is lower than the intermediate power level, 
there is a case when a satisfactory mark is formed. Fur- 
ther, in the case of recording by using four high-power 
pulses, when the power level immediately after the first 
high-power pulse and the power level immediately 
before the fourth high-power pulse are set at the same 
level as the intermediate power level, the excess heat 
flow generated by the first or second high-power pulse 
can be attenuated if the power level between the sec- 
ond high-power pulse and the power level of the third 
high-power pulse is set at the same level not higher than 
the intermediate power level. Therefore, it seldom 
occurs that the width of the rear end portion of the 
recording mark is taken larger than is necessary at the 
time of irradiating the fourth high-power pulse. However, 
depending on the structure of the information recording 
medium, there is a case where the width of the rear end 
portion of the recording mark is made larger than is nec- 
essary. In this case, it is also possible to control the 
width of the rear end portion of the recording mark at a 
suitable size when one of the power level immediately 
after the first high-power pulse and the power level 
immediately before the fourth high-power pulse is set at 
a power level not higher than the intermediate power 
level. 

Further, in order to improve the recording sensitiv- 
ity, in addition to the above-described methods, at least 
a method is considered where the width of the header 
and end tail high-power pulses of the continuous high- 
power pulse trains used for recording a longest mark is 
made larger. In this case, when a shortest mark or a 
second or third shortest mark is recorded, the width 
between the header high-power pulse and the end tail 
high-power pulse becomes smaller and there arises an 
excess quantity of irradiation energy per unit area as 
compared with the case of forming a relatively long 
mark such as a longest mark. As a result, a relatively 
short mark tends to have a larger length than a normal 
length. In order to solve this problem, according to 
another aspect of the present invention, one of the fol- 
lowing information recording methods may be used: 

(21) an information recording method for carrying 
out a recording of information by forming recording 
marks of a plurality of lengths by irradiating an energy 
beam to an information recording medium by modulat- 
ing power of the energy beam at least at a high power 
level and at an intermediate power level lower than the 
high power level, wherein at least a power level of a 
high-power pulse for recording a shortest mark is lower 
than a power level of a high-power pulse for recording a 
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longest mark; and (22) information recording method as 
described in (21) above wherein, at least among high- 
power pulses for recording a shortest mark, a power 
level of a high-power pulse of a lowest power level is 
lower than any one of power levels of high-power pulses 
for recording a longest mark, and is not lower than 75 % 
of power level of a high-power pulse of a lowest power 
level among power levels of high-power pulses for 
recording a longest mark. 

As explained above, it becomes possible to reduce 
the excess quantity of heat generated at the time of 
recording the shortest mark and the length of the short- 
est mark can be set at a normal length, when at least 
the power level of the high-power pulse for recording the 
shortest mark is lower than the power level of the high- 
power pulse for recording the longest mark. It is more 
desirable when the high power level for recording the 
second or third shortest mark is made lower than the 
high power level for recording the longest mark, 
because by this arrangement, the excess quantity of 
heat generated at the time of recording the second or 
third shortest mark can be reduced and the length of the 
second and third shortest mark can be set at a normal 
length. Further, in this case, when the high-power pulse 
level is increased along with the increase in the length of 
the mark to be recorded, the quantity of the irradiation 
energy per unit area at the time of recording all the 
recording marks can be averaged so that all the record- 
ing marks can have a normal length. Accordingly, this 
arrangement is much more suitable for achieving a high- 
density recording. 

For recording the shortest mark, the quality of a 
reproduced signal is improved when the high power 
level for recording the shortest mark is not lower than 
approximately 75 % of the high power level for recording 
the longest mark. This effect is obtained when the high 
power level for recording the shortest mark is set lower 
than the high power level for recording the longest mark. 
Particularly a large effect is obtained when the high 
power level for recording the shortest mark is not lower 
than 85 % and not higher than 95 % of the high power 
level for recording the longest mark. When the high 
power level for recording the shortest mark is lower than 
75 % of the high power level for recording the longest 
mark, the effect of the present invention can not be 
obtained. 

As described above, it is possible to carry out a sat- 
isfactory recording with improved recording sensitivity 
when a recording waveform is used according to which 
the widths of the header and end tail high-power pulses 
of the series of continuous high-power pulse trains is set 
larger than the widths of high power pulses other than 
the header and end tail high-power pulses and at least 
the power level of the high-power pulse of the shortest 
mark is set lower than the power level of the longest 
mark. 

According to another aspect of the present inven- 
tion, there is provided (23) an information recording 
apparatus for carrying out a recording of information by 



forming recording marks of a plurality of lengths by irra- 
diating an energy beam to an information recording 
medium by modulating power of the energy beam at 
least at a high power level and at an intermediate power 

5 level lower than the high power level, wherein the infor- 
mation recording apparatus has a recording waveform 
generator for generating at least one recording wave- 
form among recording waveforms according to the infor- 
mation recording methods described in (17) to (22) 

10 above. When the above-described information record- 
ing apparatus is used, it becomes possible to carry out 
an accurate recording without lowering the recording 
density when the relative speed of the information 
recording medium and the energy beam for recording is 

15 increased or when a recording is carried out in the infor- 
mation recording medium of a structure which is easily 
cooled suddenly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Fig. 1 is an explanatory diagram for showing an 
example of the recording waveforms according to one 
embodiment of the present invention. 

Fig. 2 is an explanatory diagram for showing 
26 another example of the recording waveforms according 
to one embodiment of the present invention. 

Fig. 3 is an explanatory diagram for showing 
another example of the recording waveforms according 
to one embodiment of the present invention. 
30 Fig. 4 is an explanatory diagram for showing 
another example of the recording waveforms according 
to one embodiment of the present invention. 

Fig. 5 is a diagram for showing a relationship 
between the disk linear velocity and the jitter in one 
35 embodiment of the present invention. 

Figs. 6A and 6B are structural diagrams of the infor- 
mation recording medium according to one embodiment 
of the present invention. 

Fig. 7 is a diagram for showing a relationship 
40 between the width of the cooling pulse and the jitter in 
one embodiment of the present invention. 

Fig. 8 is a block diagram for showing the information 
recording apparatus according to one embodiment of 
the present invention. 
45 Fig. 9 is a functional block diagram of the recording 
waveform generating circuit used in the embodiment of 
the present invention. 

Fig. 10 is a functional block diagram of the laser 
driving circuit used in the embodiment of the present 
so invention. 

Fig. 11 is a time chart for showing the operation 
state of the recording waveform generating circuit and 
the laser driving circuit used in the embodiment of the 
present invention. 
55 Fig. 12 is a current-optical output characteristic dia- 
gram of the semiconductor laser used in the embodi- 
ment of the present invention. 

Fig. 13 is a block diagram for showing the informa- 
tion recording apparatus according to one embodiment 
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of the present invention. 

Fig. 14 is an explanatory diagram for showing 
another example of the recording waveforms according 
to one embodiment of the present invention. 

Fig. 15 is an explanatory diagram for showing s 
another example of the recording waveforms according 
to one embodiment of the present invention. 

Fig. 16 is an explanatory diagram for showing 
another example of the recording waveforms according 
to one embodiment of the present invention. w 

Fig. 17 is a diagram for showing a relationship 
between the intermediate power level Pm2 and the jitter 
in one embodiment of the present invention. 

Fig. 18 is a diagram for showing a relationship 
between the high power level Ph and the intermediate is 
power level Pm2 in one embodiment of the present 
invention. 

Fig. 19 is a functional block diagram of the laser 
driving circuit used in the embodiment of the present 
invention. 20 

Fig. 20 is a time chart for showing the state of oper- 
ation of the recording waveform generating circuit and 
the laser driving circuit used in the embodiment of the 
present invention. 

Fig. 21 is an explanatory diagram for showing 25 
another example of the recording waveforms according 
to one embodiment of the present invention. 

Fig. 22 is a diagram for showing a relationship 
between the jitter values and the high power level Ph1 in 
one embodiment of the present invention. 30 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The present invention will be explained in detail with 35 
reference to the following embodiments. 

Embodiment 1 

Figs. 1 to 4 are explanatory diagrams for showing 40 
recording waveforms according to one embodiment of 
the present invention. In these drawings, Ph1 and Ph2 
denote high power levels at which a recording can be 
carried out, Pmt and Pm2 denote intermediate power 
levels, and P11 and P12 denote lower-power levels. T 45 
denotes a width of a channel clock, and a recording is 
carried out by setting a divided width of a recording 
pulse at T/2 with almost an equal interval (the width of a 
high-power pulse is almost T/2 in Figs. 1 to 3, and only 
the width of the header pulse is T in Fig. 4 for carrying so 
out a recording). Of course, it is not necessary to fix the 
size of the division of the recording pulse at T/2. The 
effect of the present invention has been confirmed when 
the width of the division is set at an integer times of one 
to the n-th (where an n is an integer) of the channel ss 
clock width, such as T/3 or T/4. However, when the 
width of the high-power pulse or the width of the cooling 
pulse (the downward directed pulse added after a series 
of continuous high-power pulse trains is called the cool- 



ing pulse) is set at an integer times one second times of 
the channel clock T, the circuit scale of the recording 
waveform generating circuit can be made smallest, 
which is desirable. When the number of division of the 
channel clock number is increased such as when the 
width is set at an integer times one third of the channel 
clock T or an integer times a quarter of the channel 
clock T, this division is desirable in that the width can be 
optimized with higher precision. However, this is not 
desirable in that the circuit scale becomes larger. 

The recording waveform shown in Fig. 1 is charac- 
terized in that there is a case where the power level Ph2 
of the header pulse H1 is different from the level Ph1 of 
the high-power pulse other than the header pulse and 
that there is a case where the level Pm2 after the 
header pulse H1 is different from the intermediate 
power level Pm1 at which information can be erased. 
Further, there is also a case where a power level P12 of 
a downward directed pulse between the high-power 
pulses is different from a power level P1 1 of the cooling 
pulse. 

However, it is conditional that the levels of Ph1 and 
Ph2 are the levels at which information can be recorded 
and Pm1 is the level at which information can be 
erased. The intermediate power level Pm2 is effective 
both when this is not lower than Pm1 and when this is 
not higher than Pm1 . It is particularly desirable when 
Pm1 is the same as Pm2 because the recording wave- 
form generating circuit can be simplified in this case. 
When Ph2 is larger than Ph1, the effect of the present 
invention is obtained particularly when Pm2 is lower 
than Pm1. When Pm2 is not smaller than Pm1 , there is 
a case where the effect of the present invention is 
obtained even if Ph2 is lower than Ph1. It is a condition 
of the present invention that P1 1 is lower than Pm1 
when a recording waveform having a cooling pulse is 
used. However, there is an effect of the present inven- 
tion when P12 is lower than Ph1 or Ph2. 

The power level of each pulse of the recording 
waveform is classified into a few kinds for the sake of 
convenience, as shown above. However, from the char- 
acteristics of an electric signal, the pulse of each level 
may overshoot or undershoot, and if the pulses are of 
the same level within this range, the above-described 
effect is not lost. For example, the levels of the second 
high-power pulse H2 and the end tail pulse, or the level 
of the downward directed pulse among high-power 
pulses after H2 may be different from other equivalent 
levels. However, the above-described effect is not lost in 
this case. 

Of the recording waveforms shown above, the 
recording waveforms that have particularly a large effect 
are shown in Figs. 2 to 4. 

Characteristics of the recording waveforms shown 
in Fig. 2 are as follows. 

Ph2 ^ Ph1 
Ph1 > Pm1 
Pm1 2> Pm2 
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Pml >P11 
Ph1 >P12 

Characteristics of the recording waveforms shown 
in Fig. 3 are as follows. 

Ph1 > Pm1 
Ph2 > Pm1 
Pm2 ^ Pm1 
Pm1>P11 
Pm1 > P12 

Characteristics of the recording waveforms shown 
in Fig. 4 are as follows. 

Ph1 > Pm1 
Ph2 > Pm1 
Ph1 > Pm2 
Ph2 > Pm2 
Ph1 > P12 
Ph2>P12 
P12>P11 

T is changed along with the disk linear velocity such 
that when the disk linear velocity is 6 m/s T is 36.7 ns, 
when the disk linear velocity is 9 m/s T is 24.4 ns, and 
when the disk linear velocity is 12 m/s T is set at 18.3 
ns. Of course, there is a case where T changes depend- 
ing on the transfer rate of the information recording 
apparatus or the recording density of the information 
recording medium. 

Fig. 8 shows a block diagram of the information 
recording apparatus according to the present invention. 
When an information recording medium 1 is mounted, 
the information recording medium 1 is rotated by a 
motor 2 at a constant disk linear velocity of 6 m/s. In a 
read-in area provided in the innermost periphery of the 
information recording medium 1, there is a pit in which 
information relating to a recordable disk linear velocity 
area is stored in advance. The information relating to 
the recordable disk linear velocity area that has been 
read by an optical head 3 is transferred to a system con- 
troller 5 through a pre-amplifier circuit 4. At the same 
time, information relating to a recording waveform and 
an optimum recording power is similarly transferred to 
the system controller 5. The system controller 5 controls 
the motor 2 based on the information relating to the 
recordable disk linear velocity area and radius position 
information of the optical head 3, so that the information 
recording medium 1 is rotated at a suitable rotation 
number. 

In a recording waveform generating circuit 6, 
recording waveforms are programmed in advance 
within the circuit so that a recording waveform is gener- 
ated when the width of the cooling pulse is any one of 0 
T, 0.5 T, 1.0 T, 1.5 T, 2.0 T and 2.5 T. The recording 
waveform generating circuit 6 can generate a recording 
waveform of a cooling pulse width which is suitable for 
the information recording medium 1 by recording wave- 



form information transferred through the system control- 
ler 5. Based on a recording waveform transferred from 
the recording waveform generating circuit 6, a laser 
driving circuit 7 makes a semiconductor laser located 
5 within the optical head 3 emit a laser so that a recording 
mark is recorded on to the information recording 
medium 1. 

At first, by using the waveforms shown in Fig. 2, an 
EFM (Eight to Fourteen Modulation) signal is recorded 

10 on to a phase-change recording medium having an Ag- 
Ge-Sb-Te series recording film by changing a disk linear 
velocity. In this case, a laser beam having a waveform of 
680 nm is used as an energy beam. An objective lens 
for focusing the laser beam on to the phase-change 

is recording medium has a numerical aperture of 0.55 and 
the laser beam diameter is set to about 1.2 prn. The 
recording power is changed according to an increase in 
the disk linear velocity, and each power level is set to the 
following level when the disk linear velocity is 6 m/s. 

20 

Ph1 : 11 mW 
Ph2 : 12.5 mW 
Pm1 : 4.0 mW 
Pm2 : 1.1 mW 
25 P11 :0.5mW 
P12:1.2mW 

Further, a cooling pulse is provided at the end tail of 
continuous high-power pulse trains, H1 to H10 in Fig. 2, 

30 for example, and jitter values are compared for the case 
where a width Tc of the cooling pulse is changed 
between 0 and 2.5 T with an T/2 interval. 

Fig. 5 shows a linear velocity dependency of jitter 
values by using Tc as a parameter. When Tc is 0 T, the 

35 jitter value becomes a minimum when the disk linear 
velocity is approximately 6 m/s. The jitter value 
increases by a large extent when the disk linear velocity 
is not smaller than 8 m/s. However, when Tc is set at 1 .5 
T, the jitter value is able to be set to a minimum when the 

40 disk linear velocity is approximately 12 m/s. As 
explained above, when the cooling pulse width Tc is 
increased along with the increase in the disk linear 
velocity, a satisfactory reproduced signal can be 
obtained when the disk linear velocity has changed to a 

45 high speed as well. 

Embodiment 2 

Figs. 6A and 6B show structures of phase-change 
so recording mediums having different cooling speeds 
which are used in the present embodiment. A disk A 
shown in Fig. 6A is a phase-change recording medium 
having a rapid cooling structure according to which a 
ZnS-Si0 2 upper protecting layer between an Ag-Ge-Sb- 
55 Te recording film and an Al-Ti reflecting film is thin, and 
a disk B shown in Fig. 6B is a phase-change recording 
medium having a gradual cooling structure according to 
which a Zi interfering layer is laminated between ah Al- 
Ti reflecting film and a ZnS-Si0 2 upper protecting film. 



12 



BNSDOCID: <EP 0BQ2531A2J_> 



23 



EP0 802 531 A2 



24 



An EFM signal is recorded on each disk by using a 
recording apparatus similar to that used in Embodiment 
1 and by using the waveform shown in Fig. 3. In this 
case, the disk linear velocity is set to 9 m/s. Each power 
level for disk A is set as follows. 5 

Phi: 11.0 mW 
Ph2:11.5mW 
Pm1 : 4.0 mW 

Pm2 : 4.1 mW 10 
P11 :0.5mW 
P12 : 1.2 mW. 

Each power level for disk B is set as follows. 

75 

Ph1 : 10.5 mW 
Ph2 : 10.0 mW 
Pm1 :4.0mW 
Pm2 : 4.5 mW 

P11:0.5mW 20 
P12:1.2 mW. 

Further, for each disk, jitter values are measured for the 
case where the width Tc of the cooling pulse is changed 
between 0 and 2.5 T with an T/2 interval. 25 

Fig. 7 shows the Tc dependency of a jitter value for 
each disk. In the case of the disk A of the rapid cooling 
structure, the jitter value becomes a minimum when Tc 
is 1 .0 X and in the case of the disk B of the gradual cool- 
ing structure, the jitter value becomes a minimum when 30 
Tc is 2.0 T As described above, when a cooling pulse of 
the width corresponding to the cooling speed of the 
information recording medium is added to the end tail of 
the high-power pulse width, information of a satisfactory 
signal quality can be recorded on various information 35 
recording mediums having different cooling speeds. 

Embodiment 3 

Fig. 8 shows a block diagram of the information 40 
recording apparatus according to the present invention. 
When an information recording medium 1 is mounted, 
the information recording medium 1 is rotated by a 
motor 2 at a constant disk linear velocity of 6 m/s. In a 
read-in area provided in the innermost periphery of the 45 
information recording medium 1 , there is a pit in which 
information relating to a recordable disk linear velocity 
area is stored in advance. The information relating to 
the recordable disk linear velocity area that has been 
read by an optical head 3 is transferred to a system con- so 
trailer 5 through a pre-amplifier circuit 4. At the same 
time, information relating to a recording waveform and 
an optimum recording power is similarly transferred to 
the system controller 5. The system controller 5 controls 
the motor 2 based on the information relating to the 55 
recordable disk linear velocity area and radius position 
information of the optical head 3, so that the information 
recording medium 1 is rotated at a suitable rotation 
number. 



In a recording waveform generating circuit 6, 
recording waveforms are programmed in advance 
within the circuit so that a recording waveform is gener- 
ated when the width of the cooling pulse is any one of 0 
T, 0.5 T, 1.0 T, 1.5 T, 2.0 T and 2.5 T. The recording 
waveform generating circuit 6 can generate a recording 
waveform of a cooling pulse width which is suitable for 
the information recording medium 1 by recording wave- 
form information transferred through the system control- 
ler 5. Based on a recording waveform transferred from 
the recording waveform generating circuit 6, a laser 
driving circuit 7 makes a semiconductor laser located 
within the optica] head 3 emit a laser so that a recording 
mark is recorded on to the information recording 
medium 1. When recording waveform information is not 
obtained or when the information recorded by using a 
recording waveform of a cooling pulse width determined 
based on the recording waveform information can not 
be reproduced normally, a test writing is carried out in a 
test writing area on the information recording medium 1 . 
For example, when the waveform shown in Fig. 4 is 
used, a recording is carried out by using the high power 
level Ph1, the intermediate power level Pm1 and the 
cooling pulse width Tc as test writing parameters, and 
the waveform of the smallest jitter is used as an opti- 
mum recording waveform. In this case, in order to sim- 
plify the optimization processing, a recording waveform 
is generated by assuming Ph1 = Ph2 , and 
Pm1 = Pm2 = Pm12 . An optimum recording waveform 
is determined in this way, and information is recorded on 
the disks A and B shown in Fig. 6 and on a commercially 
available optical magnetic disk. As a result, a satisfac- 
tory reproduced signal of a jitter value not larger than 15 
% can be obtained from all of these disks. The jitter val- 
ues of the signals reproduced from the disk A, the disk 
B and the commercially available optical magnetic disk 
are 1 1 %, 8 % and 12 % respectively. 

In this case, each power level and the cooling pulse 
width Tc for each disk are as follows. 
For the disk A, 

Ph1 : 10.5 mW 
Ph2:10.5mW 
Pm1 : 4.0 mW 
Pm2 : 4.0 mW 
P11 :0.5mW 
P12 :4.0 mW. 
Tc : 0.0 T 

For the disk B, 

Ph1 : 9.5 mW 
Ph2 : 9.5 mW 
Pm1 : 3.5 mW 
Pm2 : 3.5 mW 
P11 :0.5mW 
P12 :3.5 mW. 
Tc:1.0T 
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For the commercially available optical magnetic disk, 

Ph1 : 10.0 mW 
Ph2:10.0mW 
Pm1 : 4.0 mW 
Pm2 : 4.0 mW 
P11 : 1.2 mW 
P12:4.0mW. 
Tc: 

For the waveform of Fig. 2, optimization and record- 
ing are carried out in a similar manner to that for the 
waveform shown in Fig. 4. As a result, jitter values of the 
signals reproduced from the disk A, the disk B and the 
commercially available optical magnetic disk are 8 %, 6 
% and 10 % respectively. Also, for the waveform of Fig. 
3, optimization is carried out in a similar manner, and jit- 
ter values of the signals reproduced from the disk A, the 
disk B and the commercially available optical magnetic 
disk are 9 %, 7 % and 10 % respectively. 

For comparing with the conventional method, a 
recording is carried out by assuming Tc = 0 T and with- 
out changing the Tc width of the waveform of Fig. 4. In 
this case, a normal recording can be done on the disk A, 
but a normal recording can not be done on the disk B 
and the commercially available optical magnetic disk, 
with the jitter values 16 % and 18 % respectively. Thus, 
it is not possible to obtain a reproduced signal same as 
the input signal, from these disks. As a result, it has 
been made clear that a normal recording and reproduc- 
tion can be achieved without depending on the cooling 
speed of the medium structure, by adding a recording 
waveform generator which can change the Tc width, to 
the information recording and reproducing apparatus. 

Further, a similar experiment is carried out by using 
the above-described apparatus with the disk linear 
velocity set at 9 m/s. When a recording is carried out by 
assuming Tc = 0 T without changing the width of the 
waveform of Fig. 4, jitter values of all the disks are not 
lower than 15 %, so that a normal recording can not be 
done in this case. When the recording waveform is opti- 
mized by setting the Tc width as variable, a normal 
recording can be done on all the disks. Jitter values of 
the signals reproduced from the disk A, the disk B and 
the commercially available optical magnetic disk are 9 
%, 10 % and 12 % respectively. As a result, it has been 
made clear that a normal recording and reproduction 
can be achieved without depending on the disk linear 
velocity, by adding a recording waveform generator 
which can change the Tc width, to the information 
recording and reproducing apparatus. 

The main operation of the information recording 
apparatus used in the above-described embodiments 
(the block structure is already explained in Fig. 8) will be 
explained below with reference to Fig. 8 and Figs. 9 to 
11. 

Fig. 9 is a diagram for showing the structure of the 
recording waveform generating circuit (block 6 in Fig. 8) 
in functional blocks. The recording waveform generating 



circuit is structured by an eight-bit shift register 6-12, 
eight-bit data registers 6-1 , 6-2, and 6-3, a write (record) 
pattern generating table 6-14, sixteen-bit data registers 
6-5, 6-6 and 6-7, sixteen-input one-output data multi- 

s plexers 6-8, 6-9 and 6-10, and a five-bit binary counter 
6-11. A two-times channel clock 2fCLK sent from the 
system controller (block 5 in Fig. 8) drives the counter 6- 
1 1 at the moment when a write command signal WRTQ- 
P sent from the system controller has become true (high 

w level), and supplies a lowest-order bit Q0 of the counter 
6-1 1 as a channel clock signal of the shift register 6-12 
and at the same time inversely transmits the signal to 
the system controller. An output Q3 which is the fourth 
bit from the lowest order of the counter 6-1 1 is supplied 

15 to the various registers 6-1 , 6-2, 6-3, 6-5, 6-6 and 6-7 
and the patter generating table 6-4, as a half-byte clock 
signal. Outputs Q0, Ql, Q2 and Q3 which are four bits 
from the lowest order of the counter 6-1 1 are supplied to 
the multiplexers 6-8, 6-9 and 6-10, as data selection sig- 

20 nals. In the above-described state, that is, when WRTQ- 
P is true, a serial signal input WTDATA is sequentially 
recorded in the shift register 6-12 and is also shifted at 
the timing of the CHCLK. Each time when the shift is 
carried out eight times (that is, each time when the Q3 

25 output of the counter 6-1 1 has changed from a high 
level to a low level), eight-bit data stored in the register 
6-12 is shifted to the first eight-bit data register (DRA) 6- 
1 , and at the same time, data stored in the register 6-1 
is shifted to the second eight-bit data register (D RB) and 

30 similarly, data stored in the register 6-2 is shifted to the 
third eight-bit data register (DRC). Total twenty-four bit 
data stored in the first register 6-1 to the third register 6- 
3 become an address input of the write pattern generat- 
ing table 6-4 structured by a non-volatile random access 

35 memory (RAM) as a principle, and parallel data signals 
(one word is structured by sixteen bits) for three words 
by object are outputted. The first parallel data signal 
output word (Y0 to Y15) passes through the first six- 
teen-bit data register 6-5, sequentially selected by the 

40 first multiplexer 6-8 and becomes a bit serial data 
WRTP2-P. Similarly, the second parallel data signal out- 
put word (Y16 to Y31) passes through the second six- 
teen-bit data register 6-6, sequentially selected by the 
second multiplexer 6-9 and becomes a bit serial data 

45 WRTP1 -P. Further similarly, the third parallel data signal 
output word (Y32 to Y47) passes through the third six- 
teen-bit data register 6-7, sequentially selected by the 
third multiplexer 6-10 and becomes a bit serial data 
COOLP-N. The above-described three kinds of bit serial 

so data WRTP2-P, WRTP1-P and COOLP-N are supplied 
to the laser driving circuit (block 7 in Fig. 8, to be 
described in detail later) and various laser driving levels 
are generated. The contents of the write pattern gener- 
ating table (RAM) 6-4 can be updated one by one by 

55 data transfer from a system control bus (abbreviated as 
sysconbus) 5-1 of the system controller (block 5 in Fig. 
8). By this arrangement, it becomes possible to easily 
change the cooling pulse width TC (reference Figs. 1 to 
4) and others according to the situation. 
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Fig. 10 shows a functional block diagram of the 
laser driving circuit (block 7 in Fig. 8). The laser driving 
circuit is structured by an APC circuit 7-1 , three series of 
. drive current superimposing circuits 7-2, 7-3 and 7-4 
and four series of DA converters (DAC) 7-5, 7-6, 7-7 and 5 
7-8. An output value Vr of the DA converter 7-5 for the 
APC is set by data transfer from the system control bus 
(abbreviated as sysconbus) 5-1 of the system controller 
(block 5 in Fig. 8). In the mean time, a la§er beam is 
generated when an output current Ir is supplied to a w 
semiconductor laser 31 . When a part of the laser beam 
is returned to a photo-diode for a monitor, a monitor cur- 
rent Ipd flows. The current Ipd is converted to a voltage 
by the operation of a resistor R1 and an operating 
amplifier OPA2 (converted voltage = - Ipd x P1 ). The 15 
voltage is inputted to an operating amplifier OPA1 
through a resistor R2, and this voltage is compared with 
the output voltage Vr of the DA converter 7-5. Thus, the 
output current Ir is controlled so that the output voltage 
of the OPA2 (which is proportional to the intensity of the 2 o 
laser beam) and the output value Vr (a target value of 
the laser output power) are balanced. A loop gain of the 
APC circuit is determined by the ratio of the resistor R2 
to R3, and a diode D1 is used for preventing an inverse 
flow of a superimposing current (to be described later). 2 s 
In the mean time, when an inverted cooling pulse 
COOLP-N is at a high level, an analog switch (ASW) 
SW1 is in the closed state. Since an output voltage Vm 
of the DA converter 7-6 for superimposing the first cur- 
rent set by the data transfer from the system control bus 30 
(abbreviated as sysconbus) 5-1 of the system controller 
(block 5 in Fig. 8) is being applied to the base of the 
transistor Q1 , a current Aim for superimposing an eras- 
ing power (Pm, reference Figs. 1 to 4) expressed by the 
following (expression 1) is superimposed on the current 35 
Im. 



Aim = (Vcc - Vm - 0.7) + R4 



(D 



In this case, when the inverted cooling pulse 40 
COOLP-N is set at a low level, the analog switch (ASW) 
SW1 is set to an open state, so that the transistor Q1 is 
turned off and the superimposed current Aim does not 
flow. Similarly, when a recording pulse #1 (WRTP1-P) is 
at a high level, a superimposed current Alh1 (a superim- 45 
posed current for generating the first high-level power 
Ph1 for recording, reference Figs. 1 to 4) flows, and 
when a recording pulse #2 (WRTP2-P) is at a high level, 
a superimposed current Alh2 (a superimposed current 
for generating the second high-level power Ph2 for so 
recording, reference Figs. 1 to 4) flows. 

Fig. 11 is a diagram for showing the above- 
described operation in a time chart. The diagram shows 
the state that a serial signal input WTDATA for showing 
a recording waveform synchronous with a channel clock 55 
CHCLK is stored in the data register DRA in a unit of 
eight bits, the contents of the register DRA are shifted to 
the next register DRB, and similarly, the data of the reg- 
ister DRB is shifted to DRC (reference Fig. 9). At each 



closing edge of the half-byte clock Q3 at the fourth bit 
from the lowest order of the binary counter BCT (6-1 1 in 
Fig. 9), the laser drive timing signals WRTP2-R 
WRTP1-P and COOLP-N are generated by correspond- 
ing to the contents of the data register DRB and by 
referring to the contents of the DRA which stores the 
data before the half-byte clock timing and the contents 
of the DRC which stores the data after the half-byte 
dock timing. When the above-described three kinds of 
laser drive timing signals WRTP2-P, WRTP1-P and 
COOLP-N are inserted into the laser driving circuit (Fig. 
10), a predetermined laser drive current Id1 flows and a 
necessary laser beam output can be obtained. 

Fig. 12 shows an l-P (current versus optical output) 
characteristic diagram of a semiconductor laser (31 in 
Fig. 10) used in the embodiment of the present inven- 
tion. This diagrams shows the state that when a laser 
current is Ir mA, a laser optical output is Pr mW, when 
Aim mA is superimposed on the Ir, the laser current 
becomes Im mA and the optical output becomes Pm 
mW, and further when Alh1 m A is superimposed on the 
laser current, the laser current flows by Ih1 mA and the 
optical output becomes Ph1 mW, and similarly when 
further Alh2 ml A is superimposed on the laser current, 
the laser current flows by Ih2 mA, and as a result the 
optical output becomes Ph2 mW. 

As explained above, since the information record- 
ing apparatus of the present invention has a recording 
waveform generating circuit which can change the cool- 
ing pulse width, the information recording apparatus 
can meet the high speed of the disk linear velocity and 
further can record information on information recording 
mediums having various cooling speeds. 

Embodiment 4 

Figs. 6A and 6B show structures of phase-change 
recording mediums having different cooling speeds 
which are used in the present embodiment. A disk A 
shown in Fig. 6A is a phase-change recording medium 
having a rapid cooling structure according to which a 
ZnS-Si0 2 upper protecting layer between an Ag-Ge-Sb- 
Te recording film and an Al-Ti reflecting film is thin, and 
a disk B shown in Fig. 6B is a phase-change recording 
medium having a gradual cooling structure according to 
which a Zi interfering layer is laminated between an Al- 
Ti reflecting film and a ZnS-Si0 2 upper protecting film. 
Further, on a polycarbonate substrate having a thick- 
ness of 0.6 mm used for these disks, a groove of 0.7 |xm 
is spirally provided with a pitch of 1 .48 \irr\. The depth of 
the groove is approximately 70 nm. 

In the radius direction of each disk, twenty four 
zones for user's recording are available. Seventeen to 
forty sectors exist on the inner periphery of the zones. 
As a method for controlling the motor for carrying out a 
recording and reproduction, a ZCLV (Zone Constant 
Linear Velocity) system for changing the rotation 
number of the disk for each zone in which a recording 
and reproducing is carried out, is used. According to 
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this format, the disk linear velocity is different between 
the inner-most periphery and the outer-most periphery 
of the disk The disk linear velocities for the inner-most 
periphery and the outer-most periphery are 6.0 m/s and 
6.35 m/s respectively. 5 

Information is recorded on each disk by using a 
recording apparatus shown in Fig. 13. The operation of 
the present recording apparatus will be explained 
below. 

Information from the outside of the recording appa- w 
ratus is transferred to an eight-sixteen modulator 8 
using eight bits as one unit. When information is 
recorded on the disk 1, a modulation system for con- 
verting eight bits into sixteen bits, the so-called eight- 
sixteen modulation system, is used. According to this is 
modulation system, information of mark lengths of 3 T to 
11 T corresponding to the eight-bit information is 
recorded on the medium. The eight-sixteen modulator 
shown in the drawing carries out this modulation. In this 
case, T denotes a cycle of the clock at the time of 20 
recording the information, and T is set at 34.2 ns in this 
case. 

Digital signals of 3 T to 1 1 T converted by the eight- 
sixteen modulator 8 are transferred to a recording wave- 
form generating circuit 6. Of the recording waveforms 25 
shown in Fig. 2, recording waveforms shown in Fig. 14, 
which enable the circuit scale of the recording waveform 
generating circuit to be made smaller, are generated. In 
this case, each power is set as follows. 
For the disk A, 30 

Phi : 12.0 mW 
Ph2 : 12.0 mW 
Pml :4.5mW 

Pm2 : 0.5 mW 35 
P11 : 0.5 mW 
P12 :0.5 mW. 

For the disk B, 

40 

Ph1 : 10.0 mW 
Ph2 : 10.0 mW 
Pm1 : 4.0 mW 
Pm2 : 0.5 mW 

P1 1 : 0.5 mW 45 
P12 : 0.5 mW. 

The width of the high-power pulse is set at approxi- 
mately T/2 and the cooling pulse width Tc is set to be 
able to be changed from the outside. so 

A recording waveform generated by the recording 
waveform generating circuit 6 is transferred to a laser 
driving circuit 7, and the laser driving circuit 7 makes a 
semiconductor laser located within an optical head 2 
emit a laser beam based on this recording waveform. ss 

In the optical head 2 mounted on the recording 
apparatus, a semiconductor laser having an optical 
wavelength of 650 nm for an energy beam for recording 
information, is used. This laser beam is focused on the 



recording film of the disk 1 with an objective lens which 
has a numerical aperture of 0.6. Information is recorded 
by irradiating a laser beam of the energy corresponding 
to the above-described recording waveform. In this 
case, the diameter of the laser beam is approximately 1 
jim and the laser beam is polarized to apply a circularly 
polarized light. 

The present recording apparatus corresponds to a 
system for recording information on both a groove and a 
land (an area between grooves) (the so-called land- 
groove recording system). In the present recording 
apparatus, a tracking for a land and a groove can be 
selected freely by an L/G servo circuit 9. 

A reproduction of recorded information is also car- 
ried out by using the optical head 2. A focused laser 
beam which has the same size as that at the time of the 
recording is irradiated on the recorded mark, and the 
lights reflected from the mark and from portions other 
than the mark are detected to obtain a reproduced sig- 
nal. The amplitude of the reproduced signal is amplified 
by a pre-amplif ier circuit 4 and the amplified signal is 
transferred to an eight-sixteen demodulator 10. The 
eight-sixteen demodulator 10 converts the signal into 
eight-bit information at every sixteen bits. With the 
above operation, the reproduction of the recorded mark 
is completed. 

In order to evaluate the signal quality of the repro- 
duced signal, jitters of the reproduced signal are meas- 
ured. In this case, recording and reproducing is carried 
out by changing the cooling pulse width Tc between 0 
and 2.4 T with an interval of T/5. in this case, Pm1 is 
corresponded to Tc and is changed by a very small 
degree. The measured values according to the present 
embodiment are shown below. 



Tc 


Disk A 


DiskB 


0.0 


15.5 


17.3 


0.2 


17.0 


18.9 


0.4 


18.2 


19.3 


0.6 


14.5 


17.3 


0.8 


12.2 


14.8 


1.0 


10.2 


11.8 


1.2 


9.5 


11.0 


1.4 


10.0 


10.5 


1.6 


10.5 


10.0 


1.8 


11.0 


9.0 


2.0 


12.0 


10.3 


2.2 


14.5 


11.8 


2.4 


17.5 


13.3 



45 



50 
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As shown in the above, for the disk A, the jitter value 
is minimum when Tc is 1 .2 Tm, amd for the disk B, the 
jitter value is minimum when Tc is 1 .8 T. 

Further, when Tc is set between 0.8 T and 2.2 T, a 
low jitter value of not higher than 15 % is obtained for s 
both the disk A and the disk B. When Tc is set between 
1 .0 T and 2.0 T, a low jitter value of not higher than 12 % 
is obtained for both the disk A and the disk B. Accord- 
ingly, when Tc is set between 0.8 T and 2.2 T, more pref- 
erably, between 1.0 T and 2.0 T, a low jitter value is 
obtained regardless of the cooling speed of the optical 
disk. 

When Tc is set at an integer times T/2, such as 1.0 
T, 1.5 T and 2.0 T, there is a large effect in making 
smaller the circuit scale of the recording waveform gen- 
erating circuit. Particularly, when Tc is set at 1.0 T, there 
is an advantage that the power margin of Pm1 becomes 
large. 

Further, when the waveform of Fig. 3 is used as the 
recording waveform, a jitter value not higher than 15 % 
is obtained for both the disk A and the disk B when Tc is 
set between 0.8 T and 2.2 T. Further, when Tc is set 
between 0.9 T and 1 .9 T, a low jitter value of not higher 
than 10 % is obtained for both the disk A and the disk B. 
Accordingly, when Tc is set between 0.8 T and 2.2 T, 
more preferably, between 0.9 T and 1.9 T, a low jitter 
.value is obtained regardless of the cooling speed of the 
optical disk. 

In this case, each power for the disk A is set as fol- 
lows. 30 



Ph1 : 


12.0 mW 


Ph2: 


12.0 mW 


Pm1 


: 4.5 mW 


Pm2 


: 4.5 mW 


P11 : 


0.5 mW 


P12 : 


0.5 mW 


For the disk B, 


Ph1 : 


10.0 mW 


Ph2 : 


10.0 mW 


Pm1 


: 4.0 mW 


Pm2 


: 4.0 mW 


P11 : 


0.5 mW 


P12 : 


0.5 mW. 



The width of the high-power pulse is set at approxi- 
mately T/2 for each disk. 

50 

Embodiment 5 

On the disk A shown in Fig. 6A explained in Embod- 
iment 4, information is recorded by using the recording 
apparatus shown in Fig. 13. 55 

Information from the outside of the recording appa- 
ratus is transferred to the eight-sixteen modulator 8 
using eight bits as one unit. When information is 
recorded on the disk 1, a modulation system for con- 



verting eight bits into sixteen bits, the so-called eight- 
sixteen modulation system, is used. According to this 
modulation system, information of mark lengths of 3 T to 
11 T corresponding to the eight-bit information is 
recorded on the medium. The eight-sixteen modulator 
shown in the drawing carries out this modulation. In this 
case, T denotes a cycle of the clock at the time of 
recording the information, and T is set at 34.2 ns in this 
case. The disk linear velocity is set at 6 m/s. 

Digital signals of 3 T to 1 1 T converted by the eight- 
sixteen modulator 8 are transferred to the recording 
waveform generating circuit 6, and the recording wave- 
forms shown in Fig. 1 are recorded. In this case, each 
power is set as follows. 

Ph1 : 12.0 mW 
Ph2 : 12.0 mW 
Pm1 : 4.5 mW 
Pm2 : variable 
P11 :0.5mW 
P12 : 0.5 mW. 

The width of the high-power pulse is set at approxi- 
mately T/2 for each disk, and the cooling pulse width Tc 
is set at 1 .5 T Pm is set to be able to be changed from 
the outside. 

A recording waveform generated by the recording 
waveform generating circuit 6 is transferred to a laser 
driving circuit 7, and the laser driving circuit 7 makes a 
semiconductor laser located within the optical head 2 
emit a laser beam based on this recording waveform. 

In the optical head 2 mounted on the recording 
apparatus, a semiconductor laser having an optical 
wavelength of 650 nm for an energy beam for recording 
information, is used. This laser beam is focused on the 
recording film of the disk 1 with an objective lens which 
has a numerical aperture of 0.6. Information is recorded 
by irradiating a laser beam of the energy corresponding 
to the above-described recording waveform. In this 
case, the diameter of the laser beam is approximately 1 
urn and the laser beam is polarized to apply a circularly 
polarized light. 

The present recording apparatus corresponds to a 
system for recording information on both a groove and a 
land (an area between grooves) (the so-called land- 
groove recording system). In the present recording 
apparatus, a tracking for a land and a groove can be 
selected freely by the L/G servo circuit 9. 

A reproduction of recorded information is also car- 
ried out by using the optical head 2. A focused laser 
beam which has the same size as that at the time of the 
recording is irradiated on the recorded mark, and the 
lights reflected from the mark and from portions other 
than the mark are detected to obtain a reproduced sig- 
nal. The amplitude of the reproduced signal is amplified 
by the pre-amplifier circuit 4 and the amplified signal is 
transferred to the eight-sixteen demodulator 10. The 
eight-sixteen demodulator 10 converts the signal into 
eight-bit information at every sixteen bits. With the 
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above operation, the reproduction of the recorded mark 
is completed. 

In order to evaluate the signal quality of the repro- 
duced signal, jitters of the reproduced signal are meas- 
ured. In this case, recording is carried out by changing 
the intermediate power level Pm2 between 0.5 mW and 
12 mW. As a result, the jitter value largely depends on 
Pm2 and becomes a minimum when Pm2 is 5.0 mW. 

Further, when Pm2 is set between 3.0 and 6.5 mW, 
particularly a low jitter value is obtained. When Pm2 is 
set between 4.5 and 5.5 mW, a low jitter value of not 
higher than 10 % is obtained. Accordingly, when Pm2 is 
set at a level not lower than 70 % and not higher than 
140 % of Pm1 , more preferably, at a level not lower than 
100 % and not lot higher than 120 % of Pm1, or when 
Pm2 is set at a level not lower than 25 % and not higher 
than 50 % of Ph1 or Ph2, more preferably, at a level not 
lower than 38 % and not lot higher than 45 % of Ph1 or 
Ph2, a high-quality reproduced signal of an extremely 
low jitter value is obtained. 

Embodiment 6 

On the disk B shown in Fig. 6B explained in Embod- 
iment 4, information is recorded by using the recording 
apparatus shown in Fig. 13. 

Information from the outside of the recording appa- 
ratus is transferred to the eight-sixteen modulator 8 
using eight bits as one unit. When information is 
recorded on the disk 1, a modulation system for con- 
verting eight bits into sixteen bits, the so-called eight- 
sixteen modulation system, is used. According to this 
modulation system, information of mark lengths of 3 T to 
11 T corresponding to the eight-bit information is 
recorded on the medium. The eight-sixteen modulator 
shown in the drawing carries out this modulation, in this 
case, T denotes a cycle of the clock at the time of 
recording the information, and T is set at 34.2 ns in this 
case. The disk linear velocity is set at 6 m/s. 

Digital signals of 3 T to 1 1 T converted by the eight- 
sixteen modulator 8 are transferred to the recording 
waveform generating circuit 6, and the following record- 
ing waveforms are generated. 

A recording waveform generated by the recording 
waveform generating circuit 6 is transferred to a laser 
driving circuit 7, and the laser driving circuit 7 makes a 
semiconductor laser located within the optical head 2 
emit a laser beam based on this recording waveform. 

In the optical head 2 mounted on the recording 
apparatus, a semiconductor laser having an optical 
wavelength of 650 nm for an energy beam for recording 
information, is used. This laser beam is focused on the 
recording film of the disk 1 with an objective lens which 
has a numerical aperture of 0.6. Information is recorded 
by irradiating a laser beam of the energy corresponding 
to the above-described recording waveform. In this 
case, the diameter of the laser beam is approximately 1 
\im and the laser beam is polarized to apply a circularly 
polarized light. 



The present recording apparatus corresponds to a 
system for recording information on both a groove and a 
land (an area between grooves) (the so-called land- 
groove recording system). In the present recording 

5 apparatus, a tracking for a land and a groove can be 
selected freely by the L/G servo circuit 9. 

A reproduction of recorded information is also car- 
ried out by using the optical head 2. A focused laser 
beam which has the same size as that at the time of the 

10 recording is irradiated on the recorded mark, and the 
lights reflected from the mark and from portions other 
than the mark are detected to obtain a reproduced sig- 
nal. The amplitude of the reproduced signal is amplified 
by the pre-amplifier circuit 4 and the amplified signal is 

is transferred to the eight-sixteen demodulator 10. The 
eight-sixteen demodulator 10 converts the signal into 
eight-bit information at every sixteen bits. With the 
above operation, the reproduction of the recorded mark 
is completed. 

20 In order to check the influence of cross-erase (a 
phenomenon that information recorded on adjacent 
tracks are erased at the time of recording information, 
and the adjacent tracks refer to grooves adjacent to a 
land and lands adjacent to a groove), information is 

25 recorded on a land in advance and information is then 
recorded on adjacent tracks while generating a track- 
offset, to thereby measure a jitter value of a signal 
reproduced from the land. At the time of recording infor- 
mation on the adjacent grooves, the information is 

30 recorded by using the following three kinds of recording 
waveforms in order to compare the superiority of the 
recording waveforms over the cross-erase. 

A waveform A has each power shown in Fig. 14 set 
as follows. 

35 

Ph1 : 10.0 mW 
Ph2 : 10.0 mW 
Pm1 : 4.0 mW 
Pm2 : 0.5 mW 
40 P11 :0.5mW 
P12 : 0.5 mW. 

A waveform B has each power shown in Fig. 3 set 
as follows. 

45 

Ph1 : 10.0 mW 
Ph2 : 10.0 mW 
Pm1 : 4.0 mW 
Pm2 : 4.0 mW 
so P11 :0.5mW 
P12 :0.5mW. 

A waveform C has each power shown in Fig. 4 set 
as follows. 

55 

Ph1 : 10.0 mW 
Ph2 : 10.0 mW 
Pm1 : 4.0 mW 
Pm2 : 4.0 mW 
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P11 :0.5mW 
P12:4.0mW. 

For the waveforms A and B, the width of the high- 
power pulse is set at approximately T/2, and for the s 
waveform C, the width of the header pulse of the high- 
power pulse train is set at 1 T and the width of the high- 
power pulses other than the header pulse is set at 
approximately T/2. The width of the cooling pulse Tc is 
set at 1 .0 T for each waveform. 10 

As a result of the above-described embodiment, 
when information is recorded on an adjacent groove in 
the recording waveform of the waveform C, there comes 
to arise an influence to the jitter value of the reproduced 
, signal from the land when the track offset quantity is is 
about 0.1 urn or higher. When the track offset quantity is 
0. 15 |Lim, the jitter value increases to 15 %. On the other 
hand, when information is recorded on an adjacent 
groove in the recording waveform of the waveform A or 
B, there arises no influence to the adjacent tracks when 20 
the track offset quantity is generated by 0.15 |xm. 
Accordingly it is known that the waveform A or B is 
extremely suitable when a land-groove recording sys- 
tem is employed or when a high-density recording is 
carried out where a track pitch becomes not larger than 2s 
the laser beam diameter. 

In the above-described embodiment, a detailed 
explanation has been made of the case where the cool- 
ing pulse width Tc is 1.0 T However, when the cooling 
pulse width is between 0 and 2.0 T, there is an effect of 30 
cross-erase reduction effect regardless of Tc. Further, 
when a measurement is carried by setting P12 of the 
waveforms A and B as variable, there is an effect when 
P12 is not larger than one half of Pm1, and there is a 
larger effect when P12 is not larger than one third of 35 
Pm1. A measurement is also carried out for the wave- 
form C by assuming that P12 is variable. There is an 
effect when P12 is one third of Pm1, and there is no 
effect of cross-erase to the adjacent tracks at all when 
P12 is a quarter of Pm1 even if the track offset quantity 40 
is generated by 0.15 \im. 

Embodiment 7 

On the disk B shown in Fig. 4 explained in Embodi- 45 
ment 4, information is recorded by using the recording 
waveform relating to Claim 17 by using the recording 
apparatus explained in Embodiment 6 (Fig. 13). A 
detailed explanation is given below. 

Information from the outside of the recording appa- so 
ratus is transferred to the eight-sixteen modulator 8 
using eight bits as one unit. When information is 
recorded on the disk 1, a modulation system for con- 
verting eight bits into sixteen bits, the so-called eight- 
sixteen modulation system, is used. According to this ss 
modulation system, information of mark lengths of 3 T to 
11 T corresponding to the eight-bit information is 
recorded on the medium. The eight-sixteen modulator 
shown in the drawing carries out this modulation. In this 



case, T denotes a cycle of the clock at the time of 
recording the information, and T is set at 34.2 ns in this 
case. The disk linear velocity is set at 6 m/s. 

Digital signals of 3 T to 1 1 T converted by the eight- 
sixteen modulator 8 are transferred to the recording 
waveform generating circuit 6, and the following record- 
ing waveforms are generated. 

A recording waveform generated by the recording 
waveform generating circuit 6 is transferred to a laser 
driving circuit 7, and the laser driving circuit 7 makes a 
semiconductor laser located within the optical head 2 
emit a laser beam based on this recording waveform. 

In the optical head 2 mounted on the recording 
apparatus, a semiconductor laser having an optical 
wavelength of 650 nm for an energy beam for recording 
information, is used. This laser beam is focused on the 
recording film of the disk 1 with an objective lens which 
has a numerical aperture of 0.6. Information is recorded 
by irradiating a laser beam of the energy corresponding 
to the above-described recording waveform. In this 
case, the diameter of the laser beam is approximately 1 
\im and the laser beam is polarized to apply a circularly 
polarized fight. 

The present recording apparatus corresponds to a 
system for recording information on both a groove and a 
land (an area between grooves) (the so-called land- 
groove recording system). In the present recording 
apparatus, a tracking for a land and a groove can be 
selected freely by the IVG servo circuit 9. 

A reproduction of recorded information is also car- 
ried out by using the optical head 2. A focused laser 
beam which has the same size as that at the time of the 
recording is irradiated on the recorded mark, and the 
lights reflected from the mark and from portions other 
than the mark are detected to obtain a reproduced sig- 
nal. The amplitude of the reproduced signal is amplified 
by the pre-amplifier circuit 4 and the amplified signal is 
transferred to the eight-sixteen demodulator 10. The 
eight-sixteen demodulator 10 converts the signal into 
eight-bit information at every sixteen bits. With the 
above operation, the reproduction of the recorded mark 
is completed. 

In order to evaluate the signal quality of the repro- 
duced signal, each power level of the recording wave- 
forms shown in Fig. 1 5 is set as follows, and information 
is recorded and jitter values of the reproduced signal 
are measured. 

Ph : 9.0 mW 
Pm1 : 4.0 mW 
Pm2 : variable 
P11 : 0.5 mW 
P12 :0.5 mW 

The recording waveforms shown in Fig. 15 will be 
explained in detail below. Similar to the recording wave- 
forms so far explained, in these recording waveforms, 
marks of various lengths starting from a 3 T mark which 
is the shortest mark to an 1 1 T mark which is the long- 
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est mark (there is a case where a 14 T mark is recorded 
for synchronization with a reproduction clock, and in this 
case, the longest mark is the 14 T mark) are recorded 
by a series of continuous high-power pulse trains of the 
high-power pulse level Ph. In this case, the recording of s 
each mark is carried out by (N - 1) high-power pulse 
trains which is one smaller than the number of clock N 
to be recorded, such as the 3 T mark is recorded by two 
high-power pulse trains and the 4 T mark is recorded by 
three high-power pulse trains. Further, basically the 10 
power level Pm2 (Pm2 < Ph) which is immediately after 
the header high-power pulse (H1) of the recording 
waveform and immediately before the end tail high- 
power pulse (H2 to H10) is set at a higher level than the 
power level P1 2 of the high-power pulses other than the is 
header and end tail high power levels. Further, the 
power level P11 of the cooling pulse is set at a level 
equal to the set value of P12. Further, the intermediate 
power level Pm1 among the series of continuous high- 
power pulse trains is set to have a relationship of Ph > 2 o 
Pm1 > P12. 

As explained in the aspects of the present inven- 
tion, in the present embodiment, the recording is carried 
out for three kinds of recording waveforms of type A, 
type B and type C as shown in Fig. 16 for recording the 25 
a 1 mark by using three high-power pulses. To be more 
specific, the type A is a recording waveform in which the 
power level between the first high -power pulse H1 and 
the second high-power pulse H2 and between H2 and 
the third high-power pulse H3 is set at the Pm2 level. 30 
Type B is a recording waveform in which the power level 
between H1 and H2 is set at P12 and the power level 
between H2 and H3 is set at the Pm2 level. Further, the 
type C is a recording waveform in which the power level 
between H1 and H2 is set at Pm2 and the power level 35 
between H2 and H3 is set at the P12 level. The cooling 
pulse width Tc is set at 1 T for each waveform. 

For each of the types A, B and C waveforms, the 
result of measuring the Pm2 dependency of jitter values 
is shown in Fig. 1 7. For each waveform, an optimum jit- 40 
ter value exists for Pm2, and the jitter value becomes 
the lowest when Pm2 is 4.0 mW which is equal to Pm1. 
Among the recording waveforms, the jitter value of the 
type C is the lowest, and the jitter value of the type B 
becomes the second lowest and the jitter value of the 45 
type A becomes the third lowest. In the case of the type 
C of the recording waveform, there arises an effect 
when Pm2 is set at a level not lower than P12 when 
Pm2 is not lower than 0.5 mW and not higher than 7.5 
mW. This indicates that there arises an effect of a jitter so 
reduction when Pm2 is larger than P12 and not higher 
than approximately 200 % of Pm1. In the case of the 
type A of the recording waveform, there arises an effect 
when Pm2 is set at a level higher than P1 2 when Pm2 is 
not lower than 0.5 mW and not higher than 6.8 mW. This ss 
indicates that there arises an effect of a jitter reduction 
when Pm2 is larger than P12 and not higher than 1 70 % 
of Pm1 . Further, for all the recording waveforms, partic- 
ularly a large effect is obtained when Pm2 is not lower 



than 50 % and not higher than 170 % of Pm1 . 

Next, for the type C recording waveform, the Pm2 
dependency of the power level Ph of the high-power 
pulse required for the recording is shown in Fig. 18. In 
this case, the value of Ph at which the jitter value 
becomes the minimum is shown for each Pm2. Each 
power level other than Ph and Pm2 in this case is shown 
below. 

Ph : variable 
Pm1 : 4.0 mW 
Pm2 : variable 
P11 :0.5mW 
P12 : 0.5 mW 

It is known that Ph is simply going down when Pm2 
increases. A similar effect is also obtained for the type A 
and B recording waveforms. As explained above, the 
recording sensitivity improves when the power level 
Pm2 which is immediately after the header high-power 
pulse of a series of continuous high-power pulse trains 
and immediately before the end tail high-power pulse is 
set at a higher level than the power level P12 of the 
high-power pulses other than the header and end tail 
high power levels. Particularly, a satisfactory jitter value 
can be obtained when Pm2 is higher than P12 and not 
higher than 200 % of Pm1. Further, it is particularly 
desirable when Pm2 is not lower than 50 % and not 
higher than 1 70 % of Pm1 , as described above. 

The above-described recording waveforms are 
effective for improving the recording sensitivity while 
keeping the heat balance (including the cooling speed) 
between the front end of the mark and the rear end of 
the mark at the time of recording the mark. For example, 
the recording waveforms are also effective for the infor- 
mation recording medium having a medium structure of 
a relatively rapid cooling such as the disk A shown in 
Fig. 6 described in Embodiment 4. 

Since the recording waveform generating circuit 6 
for generating the above-described waveforms can 
change the width of the cooling pulse as described in 
Embodiment 3, the recording waveform generating cir- 
cuit can meet the high speed of the disk linear velocity 
and further can record information on the information 
recording mediums having various cooling speeds. 

Fig. 19 shows a functional block diagram of the 
laser driving circuit (block 7 in Fig. 13). The laser driving 
circuit is structured by an APC circuit 7-1 , three series of 
drive current superimposing circuits 7-2, 7-3 and 7-4, 
and four series of DA converters (DAC) 7-5, 7-6, 7-7 and 
7-8. By a data transfer from a system control bus 
(abbreviated as a sysconbus) 5-1 of the system control- 
ler, an output value Vr of the DA converter 7-5 for the 
APC is set. In the mean time, a laser beam is generated 
when an output current Ir is supplied to a semiconductor 
laser 31 . When a part of the laser beam is returned to a 
photo-diode for a monitor, a monitor current Ipd flows. 
The current Ipd is converted to a voltage by the opera- 
tion of a resistor R1 and an operating amplifier OPA2 
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(converted voltage = - Ipd x P1 ). The voltage is input- 
ted to an operating amplifier OPA1 through a resistor 
R2, and this voltage is compared with the output voltage 
Vr of the DA converter 7-5. Thus, the output current Ir is 
controlled so that the output voltage of the OPA2 (which 
is proportional to the intensity of the laser beam) and 
the output value Vr (a target value of the laser output 
power) are balanced. A loop gain of the APC circuit is 
determined by the ratio of the resistor R2 to R3, and a 
diode Di is used for preventing an inverse flow of a 
superimposing current (to be described later). In the 
mean time, when an inverted cooling pulse COOLP-N is 
at a high level, an analog switch (ASW) SW1 is in the 
closed state. Since an output voltage Vml of the DA 
converter 7-6 for superimposing the first current set by 
the data transfer from the system control bus (abbrevi- 
ated as sysconbus) 5-1 of the system controller (block 5 
in Fig. 8) is being applied to the base of the transistor 
Q1 , a current Alm1 for superimposing an erasing power 
(Pm1, reference Figs. 1 to 4) expressed by the following 
(expression 1) is superimposed on the current Im1. 

Alm = (Vcc-Vm1 -0.7) + R4 (1) 

In this case, when the inverted cooling pulse 
COOLP-N is set at a low level, the analog switch (ASW) 
SW1 is set to an open state, so that the transistor Q1 is 
turned off and the superimposed current Alm1 does not 
flow. Similarly, when a recording pulse #1 (WRTP1-P) is 
at a high level, a superimposed current Alh (a superim- 
posed current for generating the high-level power Ph for 
recording, reference Fig. 15) flows, and when a record- 
ing pulse #2 (WRTP2-P) is at a high level, a superim- 
posed current Alm2 (a superimposed current for 
generating the laser power Pm2 for the intermediate 
power level immediately before the header high-power 
pulse among a series of continuous high-power pulse 
trains and immediately before the end tail high-power 
pulse, reference Fig. 15) flows. 

Fig. 20 is a diagram for showing the above- 
described operation in a time chart. The diagram shows 
the state that a serial signal input WTDATA for showing 
a recording waveform synchronous with a channel clock 
CHCLK is stored in the data register DRA in a unit of 
eight bits, the contents of the register DRA are shifted to 
the next register DRB, and similarly, the data of the reg- 
ister DRB is shifted to DRC (reference Fig. 9). At each 
closing edge of the half-byte clock Q3 at the fourth bit 
from the lowest order of the binary counter BCT (6-1 1 in 
Fig. 9), the laser drive timing signals WRTP2-P, 
WRTP1-P and COOLP-N are generated by correspond- 
ing to the contents of the data register DRB and by 
referring to the contents of the DRA which stores the 
data before the half-byte clock timing and the contents 
of the DRC which stores the data after the half-byte 
clock timing. When the above-described three kinds of 
laser drive timing signals WRTP2-P, WRTP1-P and 
COOLP-N are inserted into the laser driving circuit (Fig. 
19), a predetermined laser drive current Id1 flows and a 



necessary laser beam output can be obtained. 

As explained in Embodiment 3, the l-P (current ver- 
sus optical output) characteristic diagram of a semicon- 
ductor laser (31 in Fig. 19) used in the embodiment of 

s the present invention is as shown in Fig. 12. Also in the 
present embodiment, when a laser current is Ir mA, a 
laser optical output is Pr mW, when Alml mA is super- 
imposed on the Ir, the laser current becomes Im1 mA 
and the optical output becomes Pm1 mW, and further 

10 when Alh mA is superimposed on the laser current, the 
laser current flows by Ih mA and the optical output 
becomes Ph mW, and similarly when further Alm2 mA is 
superimposed on the laser current, the laser current 
flows by Im2 mA, and as a result the optical output 

is becomes Pm2 mW. 

In the above explanation, the case is shown where 
Pm1 and Pm2 are set at different values. In the case of 
setting Pm1 and Prn2 at the same level, the laser drive 
timing signal WRTP2-P in Fig. 20 is set at always zero, 

20 the portion of the downward directed COOLP-N corre- 
sponding to the timing of irradiating Pm2 in the above 
explanation is deleted, and the current Im1 is flown to 
the semiconductor laser 31 in Fig. 19. In this case, the 
drive current superimposing circuit 7-4 and the DA con- 

25 verter (DAC) 7-8 are not necessary. This is desirable 
since the circuit scale of not only the laser driving circuit 
but also the recording waveform generating circuit can 
be reduced. 

30 Embodiment 8 

Information is recorded on the disk B shown in Fig. 
6 explained in Embodiment 4, by using the recording 
apparatus (Fig. 13) explained in Embodiment 6 and by 

35 using the recording waveform relating to Claim 21. 
Detailed explanation will be made below. 

Information from the outside of the recording appa- 
ratus is transferred to an eight-sixteen modulator 8 
using eight bits as one unit. When information is 

40 recorded on the disk 1 , a modulation system for con- 
verting eight bits into sixteen bits, the so-called eight- 
sixteen modulation system, is used. According to this 
modulation system, information of mark lengths of 3 T to 
11 T corresponding to the eight-bit information is 

45 recorded on the medium. The eight-sixteen modulator 
shown in the drawing carries out this modulation. In this 
case, T denotes a cycle of the clock at the time of 
recording the information, and T is set at 22.8 ns in this 
case. The disk linear velocity is set at a relatively high 

so linear velocity of 9 m/s. 

Digital signals of 3 T to 1 1 T converted by the eight- 
sixteen modulator 8 are transferred to a recording wave- 
form generating circuit 6, and a recording waveform to 
be described later is generated. 

55 A recording waveform generated by the recording 
waveform generating circuit is transferred to a laser driv- 
ing circuit 7, and the laser driving circuit makes a semi- 
conductor laser located within an optical head 2 emit a 
laser beam based on this recording waveform. 
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In the optical head 2 mounted on the recording 
apparatus, a semiconductor laser having an optical 
wavelength of 650 nm for an energy beam for recording 
information, is used. This laser beam is focused on the 
recording film of the disk 1 with an objective lens which 5 
has a numerical aperture of 0.6. Information is recorded 
by irradiating a laser beam of the energy corresponding 
to the above-described recording waveform. In this 
case, the diameter of the laser beam is approximately 1 
\in\ and the laser beam is polarized to apply a circularly 10 
polarized light. 

The present recording apparatus corresponds to a 
system for recording information on both a groove and a 
land (an area between grooves) (the so-called land- 
groove recording system). In the present recording is 
apparatus, a tracking for a land and a groove can be 
selected freely by an L/G servo circuit. 

A reproduction of recorded information is also car- 
ried out by using the optical head 2. A focused laser 
beam which has the same size as that at the time of the 20 
recording is irradiated on the recorded mark, and the 
lights reflected from the mark and from portions other 
than the mark are detected to obtain a reproduced sig- 
nal. The amplitude of the reproduced signal is amplified 
by a pre-amplifier circuit 4 and the amplified signal is 25 
transferred to an eight-sixteen demodulator 10. The 
eight-sixteen demodulator 10 converts the signal into 
eight-bit information at every sixteen bits. With the 
above operation, the reproduction of the recorded mark 
is completed. 30 

In order to evaluate the signal quality of the repro- 
duced signal, each power level of the recording wave- 
form shown in Fig. 21 is set as follows and information 
is recorded, and jitter values of the reproduced signal 
are measured. 35 

Ph1 : 9.0 mW 
Ph2 : 9.5 mW 
Ph3 : 10.0 mW 

Pm : 4.5 mW 40 
P1 1 : 0.5 mW 
P12:0.5mW. 

The recording waveforms shown in Fig. 21 will be 
explained in detail below. Similar to the recording wave- 45 
forms so far explained, in these recording waveforms, 
marks of various lengths starting from a 3 T mark which 
is the shortest mark to an 1 1 T mark which is the long- 
est mark (there is a case where a 1 4 T mark is recorded 
for synchronization with a reproduction clock, and in this so 
case, the longest mark is the 14 T mark) are recorded 
by a series of continuous high-power pulse trains of the 
high-power pulse levels Ph1 , Ph2 and Ph3. In this case, 
the recording of each mark is carried out by (N - 2) high- 
power pulse trains which is two smaller than the number 55 
of clock N to be recorded, such as the 3 T mark is 
recorded by one high-power pulse and the 4 T mark is 
recorded by two high-power pulse trains. The power 
level of the high-power pulse for recording the 3 T mark 



is set at Ph1, the power level of the high-power pulse 
trains for recording the 4 T mark is set at Ph2, and the 
power level of the high-power pulse trains for recording 
the 5 T to 1 1 T is set at Ph3. In this case, it is important 
to set the relationship of the power levels among these 
high-power pulses as Ph1 < Ph2 < Ph3. Further, basi- 
cally, the width of the header high-power pulse and the 
end tail high-power pulse of the recording waveform is 
set at 1 T, and the width of the high-power pulses other 
than the header and end tail high-power pulses is set at 
0.5 T. Since the header and end tail high-power pulses 
are set at the same width, recording is carried out by the 
high-power pulse of 1 .5 T as the recording waveform for 
recording the 3 T mark which is the shortest mark. Fur- 
ther, the width between the high-power pulses is set at 
0.5 T. The width of the cooling pulse is set at 1 .5 T. 

Further, the value of the power level P11 of the 
cooling pulse is set at a value equal to the set value of 
the power level P12 between the high-power pulses. 
The intermediate power level Pm among a series of 
continuous high-power pulse trains is set to have a rela- 
tionship of Ph1 > Pm > P12. 

As a result of carrying out a random signal of EFM 
on the above-described information recording medium 
by setting the waveforms as described above, it is pos- 
sible to obtain a satisfactory jitter value of not higher 
than 9 %. As shown in Embodiment 2, when the record- 
ing waveform shown in Fig. 3 is used, the power level of 
the high-power pulse is 1 1 .5 mW. However, it is possible 
to reduce the power level of the high-power pulse to 10 
mW when the recording waveform explained in the 
present embodiment is used. 

Fig. 22 shows changes of jitter values for the case 
where a similar recording is carried out by changing Ph1 
without changing Ph3 and by setting Ph2 as 
Ph2 = (Ph1 + Ph3)/2 . An optimum jitter value exists for 
Ph1 (Ph2), and a jitter value is lowered when Ph1 is not 
lower than 7.6 mW which corresponds to 76 % of Ph3 
and is lower than Ph3. Thus, there arises an effect when 
Ph1 (Ph2) is set lower than Ph3. Particularly, there is a 
large effect when Ph1 is not lower than 85 % and not 
higher than Ph3. When Ph1 is lower than 76 % of Ph3, 
there is no reduction in jitter value. The above effect is 
also obtained when Ph2 = Ph3 . However, a larger 
effect is obtained when Ph2 = (Ph1 + Ph3)/2 as 
explained above. 

As explained above, an improved recording sensi- 
tivity is obtained and a satisfactory recording can be 
carried out when a recording waveform is used in which 
the widths of the header and end tail high-power pulses 
among a series of continuous high-power pulse trains is 
set larger than the widths of high-power Pulses other 
than the header and end tail high-power pulses and at 
least the power level of the high-power pulse of the 
shortest mark is set lower than the power level of the 
longest mark. 

In addition to the method of making larger only the 
width of the header and end tail high-power pulses as 
explained like in the above-described embodiment, 
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there is also a method for making larger the width of all 
the high-power pulses by a certain volume and making 
smaller the width between the high-power pulses by the 
same volume (that is, making larger the duty of the high- 
power pulse). This method can be applied to all the 5 
recording waveforms shown in the present invention. As 
the information recording apparatus, for example, a 
delay circuit for delaying the rear end edge of the high- 
power pulse or cooling pulse by a certain volume may 
be mounted between the recording waveform generat- 10 
ing circuit and the laser driving circuit shown in Figs. 8 
and 13 as explained in other embodiments. 

When the information recording medium is on the 
disk and a rotation control of the CAV system is carried 
• out, for example, the relative speed of the energy beam 15 
and the information recording medium changes at the 
inner periphery and the outer periphery of the informa- 
tion recording medium. In this case, information is trans- 
mitted so that the system controller recognizes the 
relative speed of the energy beam and the information 20 
recording medium and that a delayed volume according 
to the relative speed is generated in the delay circuit. 
When this method is used together with the above- 
described method of making larger the width of the 
cooling pulse according to the relative speed of an 25 
energy beam and the information recording medium, it 
is of course possible to obtain an improved recording 
sensitivity and to carry out a satisfactory recording by 
using the energy beam of a low-cost low-output semi- 
conductor laser or the like, when, for example, such a 30 
high-speed rotation as the relative speed exceeds 12 
m/s is carried out. 

As explained in detail above, it is possible to carry 
out a satisfactory recording even if the disk linear veloc- 
ity has changed when the information recording method 35 
and the information recording apparatus are used which 
change the width of the cooling pulse of the recording 
waveform at the time of recording information according 
to the disk linear velocity (the relative speed of the 
energy beam and the information recording medium). 40 

Further, it is possible to carry out a satisfactory 
recording on information recording mediums of various 
cooling speeds when the information recording method 
and the information recording apparatus are used which 
change the width of the cooling pulse of the recording 4s 
waveform at the time of recording information according 
to the cooling speed of the information recording 
medium (structure of the medium). 

Further, it is possible to achieve a high-density 
recording when the information recording method and so 
the information recording apparatus are used in which 
at least the recording waveform for recording the short- 
est mark is structured by a plurality of high-power 
pulses and the power level of the header pulse is set at 
a high level. 55 

Further, it is possible to achieve a high-density 
recording when the information recording method and 
the information recording apparatus are used in which 
at least the recording waveform for recording the short- 



est mark is structured by a plurality of high-power 
pulses and the power level immediately after the header 
pulse is set at a level higher than the power level imme- 
diately after other high-power pulses. There is a large 
effect particularly when the power level immediately 
after the header pulse is not lower than 70 % and not 
higher than 140 % of the intermediate power level. 

Further, it is possible to carry out a satisfactory 
recording on information recording mediums of various 
cooling speeds when the information recording method 
and the information recording apparatus are used in 
which at least the recording waveform for recording the 
shortest mark is structured by a plurality of high-power 
pulses and the power level between the high-power 
pulses and the power level of the cooling pulse are set 
at a level lower than the intermediate power level and 
the width of the cooling pulse is set at a level not smaller 
than 0.8 times and not larger than 2.2 times of the width 
of the channel clock. Particularly when the width of the 
cooling pulse is set at 1 .0 times, 1 .5 times and 2.0 times 
of the width of the channel clock respectively, the circuit 
scale of the recording waveform generating circuit can 
be made smaller. Among others, it is most desirable to 
set the width of the cooling pulse at 1.0 times of the 
width of the channel clock because the power margin of 
the intermediate power can be expanded at this width. 

Further, it is possible to carry out an accurate 
recording of information without erasing the information 
on adjacent tracks when the above-described informa- 
tion recording method and information recording appa- 
ratus are used, in the case of recording the information 
on the information recording medium of a narrow track 
pitch according to which the size of the track pitch is not 
larger than the diameter of the energy beam for record- 
ing, particularly on the information recording medium 
corresponding to a land-groove recording. 

Further, the recording sensitivity is improved and 
particularly a large effect is obtained in the improvement 
in the quality of the signal, when among a series of con- 
tinuous high-power pulse trains, the power level imme- 
diately after the header high-power pulse and the power 
level immediately before the end tail high-power pulse 
are set at a level higher than the power level between 
high-power pulses other than the header and end tail 
high-power pulses and not higher than 200 % of the 
intermediate power level, and preferably, at a level not 
lower than 50 % and not higher than 1 70 % of the inter- 
mediate power level. 

Further, it is possible to carry out an accurate 
recording without lowering the recording density even 
when the relative speed of the information recording 
medium and the energy beam for recording is increased 
or when a recording is carried out on the information 
recording medium of a structure that is easily cooled 
rapidly, by using a recording waveform in which, among 
a series of continuous high-power pulse trains, the 
width of the header and end tail high-power pulses is set 
larger than the width of the header and end tail high- 
power pulses, and at least among the high-power 
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pulses of the shortest mark, the power level of the high- 
power pulse of the lowest power level is set lower than 
any one of the power levels of the high-power pulses for 
recording the longest mark and not lower than 75 % of 
the power level of the high-power pulse of the lowest 5 
power level among the power levels of the high-power 
pulses for recording the longest mark. 

Claims 

10 

1. An information recording method of carrying out a 
recording of information by irradiating an energy 
beam to an information recording medium (1) by 
modulating power of said energy beam at least at a 
high power level and at an intermediate power level is 
lower than said high power level, wherein a record- 
ing is carried out in a recording waveform having a 
downward directed pulse toward a power level 
lower than said intermediate power level after con- 
tinuous high-power pulse trains so that the width of 20 
said downward directed pulse is changed accord* 

ing to a relative speed of an energy beam and said 
information recording medium (1). 

2. An information recording method of carrying out a 25 
recording of information by irradiating an energy 
beam to an information recording medium (1) by 
modulating power of said energy beam at least at a 
high power level and at an intermediate power level 
lower than said high power level and for carrying out 30 
a test writing to said information recording medium 

(1) prior to a recording of information, wherein at 
the time of said test writing, a recording is carried 
out in a recording waveform having a downward 
directed pulse toward a power level lower than said 35 
intermediate power level after continuous high- 
power pulse trains so that the width of said down- 
ward directed pulse is changed accordingly. 

3. An information recording method of carrying out a 40 
recording of information by forming recording 
marks of a plurality of lengths by irradiating an 
energy beam to an information recording medium 

(1) by modulating power of said energy beam at 
least at a high power level and at an intermediate 45 
power level lower than said high power level, 
wherein at least a shortest mark is recorded by 
using continuous high-power trains and a power 
level of a header pulse is higher than a power level 
of a last high-power pulse. 50 

4. An information recording method of carrying out a 
recording of information by forming recording 
marks of a plurality of lengths by irradiating an 
energy beam to an information recording medium 55 
(1) by modulating power of said energy beam at 
least at a high power level and at an intermediate 
power level lower than said high power level, 
wherein at least a shortest mark is recorded by 



using continuous high-power trains and a power 
level immediately after a header pulse is not lower 
than a power level immediately after a high-power 
pulse other than said header pulse. 

5. An information recording apparatus for carrying out 
a recording of information by irradiating an energy 
beam to an information recording medium (1) by 
modulating power of said energy beam at least at a 
high power level and at an intermediate power level 
lower than said high power level, wherein said infor- 
mation recording apparatus has a recording wave- 
form generator (6) for generating a recording 
waveform having a downward directed pulse 
toward a power level lower than said intermediate 
power level after continuous high-power pulse 
trains so that the width of said downward directed 
pulse is changed according to a relative speed of 
an energy beam and said information recording 
medium (1). 

6. An information recording apparatus for carrying out 
a recording of information by irradiating an energy 
beam to an information recording medium (1) by 
modulating power of said energy beam at least at a 
high power level and at an intermediate power level 
lower than said high power level and for carrying out 
a test writing to said information recording medium 
(1) prior to a recording of information, wherein said 
information recording apparatus has a recording 
waveform generator (6) for generating, at the time 
of said test writing, a recording waveform having a 
downward directed pulse toward a power level 
lower than said intermediate power level after con- 
tinuous high-power pulse trains so that the width of 
said downward directed pulse is changed accord- 
ingly. 

7. An information recording apparatus for carrying out 
a recording of information by forming recording 
marks of a plurality of lengths by irradiating an 
energy beam to an information recording medium 
(1) by modulating power of said energy beam at 
least at a high power level and at an intermediate 
power level lower than said high power level, 
wherein said information recording apparatus has a 
recording waveform generator (6) for generating 
continuous high power trains at least at the time of 
recording a shortest mark and for making a power 
level of a header pulse higher than a power level of 
a last pulse. 

8. An information recording apparatus for carrying out 
a recording of information by forming recording 
marks of a plurality of lengths by irradiating an 
energy beam to an information recording medium 
(1) by modulating power of said energy beam at 
least at a high power level and at an intermediate 
power level lower than said high power level, 
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wherein said information recording apparatus has a 
recording waveform generator (6) for generating 
continuous high power trains at least at the time of 
recording a shortest mark and for making a power 
level immediately after a header pulse not lower 5 
than a power level immediately after a high-power 
pulse other than said header pulse. 

9. An information recording method of carrying out a 
recording of information by irradiating an energy 
beam to an information recording medium (1) by 
modulating power of said energy beam at least at a 
high power level and at an intermediate power level 
lower than said high power level, wherein a record- 
ing is carried out in a recording waveform having a 
downward directed pulse toward a power level 
lower than said intermediate power level, between 
high-power pulses of continuous high-power pulse 
trains and immediately after said continuous high- 
power pulse trains, and the width of said downward 
directed pulse after said continuous high-power 
pulse trains is set at not smaller than 0.8 times and 
not larger than 2.2 times a channel clock. 

10. An information recording apparatus for carrying out 
a recording of information by irradiating an energy 
beam to an information recording medium (1) by 
modulating power of said energy beam at least at a 
high power level and at an intermediate power level 
lower than said high power level, wherein said infor- 30 
mation recording apparatus has a recording wave- 
form generator (6) for carrying out a recording in a 
recording waveform having a downward directed 
pulse toward a power level lower than said interme- 
diate power level, between high-power pulses of 35 
continuous high-power pulse trains and immedi- 
ately after said continuous high-power pulse trains, 
and for setting the width of said downward directed 
pulse after said continuous high-power pulse trains 

at not smaller than 0.8 times and not larger than 2,2 40 
times a channel clock. 

11. An information recording method according to 
Claim 9 or 10, wherein the width of said downward 
directed pulse after said continuous high-power 45 
pulse trains is set at an integer times one half of 
said channel clock. 

12. An information recording method according to 
Claim 4 or 8, wherein a power level immediately so 
after said header pulse is not lower than 70 % and 

not higher than 140 % of said intermediate power 
level. 

13. An information recording method according to ss 
Claim 2, wherein information is recorded both on a 
land and within a groove on said information record- 
ing medium (1). 



14. An information recording apparatus according to 
Claim 6, wherein said information recording appa- 
ratus has tracking servo means for recording infor- 
mation both on a land and within a groove on said 
information recording medium (1). 

15. An information recording method for carrying out a 
recording of information by forming recording 
marks of a plurality of lengths by irradiating an 
energy beam to an information recording medium 
(1) by modulating power of said energy beam at 
least at a high power level and at an intermediate 
power level lower than said high power level, 
wherein at least a longest mark is recorded by 
using continuous high power trains and, among a 
series of continuous high-power pulse trains, a 
power level immediately after a header high-power 
pulse and a power level immediately before an end 
tail high-power pulse are higher than power levels 
between the rest of high-power pulses. 

16. An information recording method according to 
Claim 15, wherein, among said series of continuous 
high-power pulse trains, a power level immediately 
after a header high-power pulse and a power level 
immediately before an end tail high-power pulse are 
higher than power levels between high-power 
pulses other than said header and end tail high- 
power pulses and are not higher than 200 % of said 
intermediate power level. 

17. An information recording method according to 
Claim 16, wherein, a shortest mark is recorded by 
two power pulses, a second shortest mark is 
recorded by three high-power pulses, a third short- 
est mark is recorded by four high-power pulses, and 
a power level between first and second high-power 
pulses at the time of recording a shortest mark, a 
power level between first and second high-power 
pulses at the time of recording a second shortest 
mark, a power level between first and second high- 
power pulses at the time of recording a third short- 
est mark and a power level between third and fourth 
high-power pulses are not lower than 50 % and not 
higher than 1 70 % of said intermediate power level. 

18. An information recording method according to 
Claim 17, wherein, a power level between second 
and third high-power pulses at the time of recording 
a second shortest mark and a power level between 
second and third high-power pulses at the time of 
recording a third shortest mark are not higher than 
50 % of said intermediate power level. 

19. An information recording method for carrying out a 
recording of information by forming recording 
marks of a plurality of lengths by irradiating an 
energy beam to an information recording medium 
(1) by modulating power of said energy beam at 
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least at a high power level and at an intermediate 
power level lower than said high power level, 
wherein at least a power level of a high-power pulse 
for recording a shortest mark is lower than a power 
level of a high-power pulse for recording a longest 5 
mark. 

20. An information recording method according to 
Claim 19, wherein at least, among high-power 
pulses for recording a shortest mark, a power level 10 
of a high-power pulse of a lowest power level is 
lower than any one of power levels of high-power 
pulses for recording a longest mark, and is not 
lower than 75 % of power level of a high-power 
pulse of a lowest power level among power levels of 15 
high-power pulses for recording a longest mark. 

21 . An information recording apparatus for carrying out 
a recording of information by forming recording 
marks of a plurality of lengths by irradiating an 20 
energy beam to an information recording medium 

by modulating power of said energy beam at least 
at a high power level and at an intermediate power 
level-lower than said high power level, wherein said 
information recording apparatus has a recording 25 
waveform generator (6) for generating at. least one 
recording waveform among recording waveforms 
according to the information recording method 
described in Claim 19. 

30 

22. An information recording method of recording infor- 
mation by forming marks having a plurality of 
lengths by irradiating beams having energy on an 
information recording medium (1), wherein at the 
time of recording one of said marks, said energy 35 
beams are irradiated as pulse trains, and a falling 
level of said pulse trains nearest to a header of said 
mark is set at level higher than a falling level of a 
pulse train which follows next. 
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